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Astronom;, in its rull eitent, ii i rabject of a nide ini 


1 complex 
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ystems of 




in regard to them, which he trusts wiU enatlf the 


altenlira ^1 


stodBOt lo juriey the beangns with adiUtional intoresi, 


and alio ■ 
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CATECHISM or ASTRONOMY. 



Q. VFhat is Astronomy ? 

A. Astronomy is the sdence which treats of the 
heavenly bodies r — describing their forms, magnitudes, 
distances, Tektive situations, motions, and actions upon 
each other. 

Q. What do you mean by the heavenly bodies ? 

A. The Sun, the Earth, the Mtwn, and the Stars. 

Q. WTiatJsthederivationof thelenn "Astronomy?" 

A. It is derived from the Greek words Actsj (aster), 
a star, and H'fti (nomoe), a law. Its literal significB- 
tion therefore is, the law of the stars, or order of the 

Q. Is the division of the heavenly bodies into Sunf ■ 
Earth, Moon, and Stars, a good one f 

A. No; because it is not founded on any essential 
differences between these bodies. It Is a populi "~ 
rangement, classing them simply as they appear to 

Q. What would be a better classification P 

A. Fuu:d Stars, and Soi-ah Svstgm. The Solar 
System embraces the Sus, the Planets (including the 
Eardi), the SATBLUTea (including the Moon)) and the 
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I,-OF THE FIXED STARS. 



P Q. What is meant by the Fixee 

, A. The fixed stars are those which do not sensiblT' J 
change Ihdr positions in rvlalion to each other. 

Q, Is there any other mark by which the fixed s 
can he distinguished P 

A. They twinkle, — alternately CCTM.ratft.'Wf, ■*•" 
f ending their rays. 
© irftat (iroiwrlion ilo iht ftvcA ^ 




6 CAT&CHISIU OP ASTItONOHY. 

A . All the stars usually visible to tlie naJcetl 

Kd stare, excepting Ijve,* and an occasional a 
'. WbiLt is known reapectiug tbe fixed atan i 
. Bxtremely little. We can judge of Ihetr 
htneis, we can determine their leaei dittanee 
1U, and we can sEcertain their apparel modoQ - 
the earth. 

Q. Have we no knowledge of th^aize^ 

A, No&e ; for, they present no di»c or surface wl 
breadth can be measured, eien in the leleacope, 
seen by its aid, as by the naked eye, merely aa bi 
ahiniDg points, but more bright and luminous, 
while they Tary in apparent brightness, we are ignoi 
their comparative distance, and also of their actual 
paialive brightness, — the only points that could e 
ua to form any judgment of their magnitude. The 
different magnitudes which they present to uh may 
arise from their diflferent distances, different sizes, or 
diSbrent d^ees of brightness. 

Q. What knowledge have we r^arding their distance? 

A. Solely that they are not at less than a cerlaia dis- 
tance. We cannot say how much beyond that the dit- 
tanee of any fixed star may be. 

Q. How is thia ascertained ? 

A. It is fouuil that they give no parallaxt with the 
diameter of the earth's orlSt, a distance of 1 SO milliani 
of miles ; and therefore the nearest cannot be less than 
10,200,000,000,000 miles, that is, 19 milUons of mil- 
lions of miles, — so very far from the earth, that light, 
which travels at tlie rate of 1S2,000 miles in a second, 
must require at least three years to come to the earth 
from the naarest fixed star. 

(i. Has any conjecture been formed of the brightnew 
of any of the fixed stars as compared with the sun ? 

A. Yes. It has been calculated from the great btil- 
liancy of Sirius, tbe dog-star, combined with its c 
mouB disianoe, that it cannot be less than twice, 
may probably be fourteen tiTOeaa»\n\^ia*iiie» 

* JU.rCury- Venus, Mrti, auT>Vto.aft««n- 
^m t see PamlWx, I*B-^ M. 
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'. What is the 8Uj)|)0Bed nature of the lixed etars ? 

. They are conjectured to be sung, probably attcntted 

f planets revolving round them, to which they give 

Mt antl light, wbidi they preserve in their orbits, and 

kiiiB adapt as places of abode for living bejnge. 

Q. Wbat reason can be given in favour of this 






_ A. Their influence on the solar system is so al. 
whetherimpartinglightor wliateverit may be, that 
cannot be regarded as subservient to the sun and planeta ; 
while their great diatance shows that they must be of a 
magnitude like that of the aun, anil that they shine by 
**■"■■ "'"i inherent light, not by reflecting tiie ■"■■' - 



their o 



'. How are the fixed stars dividcil ? 
. The fixed stars are arranged according to ti 
idiflerent principles. 

1. According Cu their brightnesa, 
3. In cunslellations. 

3. According to their situation in the heavenn. 
t. According to thdx kind, so far as that can li 
discovered. 

1. Division of the Stars according to their Brightitai.^ 

Q. How are the fixed stars divided according to 
Mghtness i' 

f A. Into seven divisions, called maqnitades,- 

brighlest bein^ termed of the flist magnitude ; the n 

^ point of brightness, of the second magnitude ; 

C- la there any other designation given to them ac- 

tprUing to their apparent brigbtuess? 

r A. Yes. The stars in each cunslellation are named 

icoording to the letters of the Greek alphabet,— tlic 

Vightest being termed ■ (or alpha), the first letter oSA 

faat alphabat ; the next i (beta) ; and so on. fl 

Q. How many are reckoned of die fitret nueoUnJa^B 

1 -rf. About SO ulh^elhet. Ot (i\«e,%\w.vift,'loa*aB 

|w, is the brightest. ..^ 

O- How many nte tlicie ot vUc oAwx xn*^^^-™^ 
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A. About GU of the second magnitude, 900 of d 
■nagoitude ; about 1000 of the fourth niBgniRiJl 
nearly ao^OOO in all, including the seventh magnj 
Q. How iD&ny can be seen by the naked eye f 4 

A. Seldom above SOOO are viBible Bt a time. 'i 
of the fifth magnitude and all the brighter n _ . 
may, on a clear night, be discerned without the ii, 
telescope. 

Q,. How many of the first magnitude are v 
Great Britain ? 

A. About eleven. 

3. IHmioH oftha Stars into Conitellah 

Q. What do you mean by a constdladon ? 

A. A constellation, in astronomical language, signS 
a collection uf a certain number of adjoining stars, 
parated from the others by an imaginary line, and i 
eluded under one name, expressive of se 
the leading stars in the constellation a 
reEemble. 

Q. Give an example of some constellation. 

A. In Fig. 1. next page, near the top, it i 
cluster of stars disposed within the figure 
bear, which is surrounded by a line separating it fn 
the adjoining stars. The stars within that line fomi 
eonstdlation, termed Ursa Minor, or the Lirru: Bbj 
In the same figure are seen parts nf other conetellatM 
—the Gbeat Bear i^Ursa Major), the Dm^ 
(Draco), the Cahelopars, tbe hand of Boom' 
tbefeetof Cephevs. 

Q. How are tbe constellations divided P 

A. They are generally arranged in thrc ^ 
the northern, the southern, and tliose of the sodiSe 

Q. Wbich are Ihe northern constellations ? 

A. Those on the same side of the zodiac as [he yj 
pole-star, lying around that pole-star. 

^. Which is the north pole-statJ 
j/. The brightest star in the'tmvsti^a'a 
ftt/eBear, at the lip of its tail. ^^^ 
:ffgure. 
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I Q. Is there any eray mode of findi:^ it out in the 

[ heaveiiH ? 

I A. Yes. The well-known seven bright stars, com. 

monly called ihe Bear, the Plough, or Charles' Wain, 
pve « ready me(hod of discovering the north iKtle-stir, 
These seven stars arc shown at the bottom of the pre- 
ceding figure, towards the right-hu^d ude. IC, wi.ve.'a. 
these Keven stars are in an^j iposuww, » ^«ia ^^ i(iwi« 

I through the two farthest tiom iXic >.iii\, a.-c& -"((iwiwaii,- 

■ ■ direction from the \imba oS ftve aauwi,''^*"-^''"^ 
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10 CATBCHIfiM OF ASTRONOMY. 

pau dose to the north pole-star. As no otber j._ 
ao; confiiderable magnitude U near that Mae, thia 
certain mode of linding the pole-star. In the ab 
figure, this line is reprcsenteil drawn through t)ie t 
slarB a and b of the Bear, and pasung dose to the p ' 
star. These two are termed " the poinlers." 

Q. Of what magnitude is the north pole-star ? 

A. Of the second miignitude. 

Q. Mentian some of the leading star 
tions visible in Great Britain. 

A. The Great Bear is well known. Its seven leai 
ing atars are in the body and tail of the figure. Tl 
greater part of this constellation is sliown in the abo' 
figure. 

Upon the other side of the Little Bear, but nearer ' 
it, is an irregular cluster, which have been thrown in 
a male figure, Cepbeuh. The feet of Cepheus are show 
in Fig. 1. 

Near Cefbeus is a cluster, of which the prinrip 
stars are five in number, and arranged like the letter M 
but straggling, and with one angle shorter than the othe 
This is the constellation Cassiopeia, a femide figure si 
ting in a chair. A straight line drawn from the poll 
', and produced in the direction of the letters " Cass, 



A straight line from the pole^tar, through the wor 
" Leo," in the above figure, leads to a conslellatio 
termed Leo, or the Lion, one of those in the zodiai 
Its leading stars form a figure like a sickle or reaping 
hook. 

A straight line from the pole-star, in the direction o 
the letters " Arc," passing near the last' star in the tai 
of the Bear, leads to Arcturus, a very bright star of i 
jvddi^ colour, the principal alar in the conwdia&s 
■'"'MS, Or HvNTSMAN, whose hand is aeew \n ¥v^^ 

'traight line from l\\e jtolc-etat, ptoAQi«A«-' 
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CATKCUISU OF 
direction of the letters " Here," leads to the large 
atellatioQ Hercules. 

A straight line from the pole-Btar, in the ihrectii 
of the letters " Cyg," leads to Cvqnvs, the Saan. 

A Gtrught line from the pole.star, through the letters 
" Cap," and perpetidicular to the line of the pointera, 
leads to a very bright star, Capella ; the principal star 
in the constellation Acrioa. the Charioteer, Capella 
doesnotwtin Great Biitain, and is almost always visible 
in this country. 

A straight line from the pole-star, in the Une of the 
word " Vega," in the direction opposite to the Une lead- 
mi; to Capella, leads to a very briglit star, named Vbqa. 
This star also never Bets in Great Britain. Between 
the Great and Little Bear is seen the tail of tUe constel- 
lation " Draco." 

Q. What are tlie CDnsteUatioiis of the ZoniAc ? 
A. Those constellations through nhich the sun passes 
in his apparent annual path through the heavens. They 
are twelve in number, and termed Aries, Tanms, Ge. 
mini. Cancer, Leo, Virgo, Libra, Scorpio, Sagittariui, 
Capricomus, Aquarius, Pisces. The moon also, and^ 
the other planets are always found in some of the ccm-'j 
fltellations of the zodiac. — See Seasons. 

Q. What is their situation i 

A. They form a tone or belt round tlie heavens, be- 

I' Iveen the northern and southern constellations. Let 

L die constellation Leo be found as described in page 10: 

then take a point in the constellation Dkaco, hnlf-way 

between Vbqa and the Pole-star ; and observe the 

distance of Leo from that point. All the other con- 

stellatiims of the zodiac will be at the same distance 

from that point as Leu.* 

I Q. Mention any bright and leading stars in the ao> 

H A. AxiDRBAiiAN, in Taurus, of a reddish colour, and 
^■nrly due aonlh from Capella. — Castoh and Ponui, 
Bwm bright stars in Gen\vm,neai eac\iQ'iaCTi' 
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13 CATBCHISM OP ABTBONOHY. f 

from the nose of the Great Bcw.— REcPti;^ ^^^ 
bright Blar in heo, almoEt due south from the De<>i 
the Great Bear. — Spica, in VirRO, due Bouth frou^ 
second Isst Btar in the tail of the Great Bear. — A nt a ^ 
in Scorpio, nearlj' due Boulb from the convolutio 
the body trf the serpent, shown in Fig, 1. sbove. ~ 

Q. What is the uee of this arrangement of thej 

A. To define their precise lelative situatioii. 

Q. Explain how this is done. 

A. The surface of the heavena ia regarded, aafl 
pears to us, as b concave sphere; and an infinite a 
ber of imat^nary lines, crossing each other, are aupponi 
to be drawn upon it. These lines are divided into de 
grees. numbered from certain fixed points: and b' 
observing the situation of any star on these tinea, wbCK 
two of them cross each other, its poeitior " "^ 

fined with great precision. 

Q. What are those lines termed,* and where a 
Sxed points taken? 

A. This i« illustrated by the following figure. 

This figure represents the sphere of the heavens, wW 
the earth (the small black globe) in the centre. Twi 
fixed points in this sphere are taken, one, N, close U 
the pole-star, and termed the Northern Pole q/ th 
Heavens; and another, S, exactly opposite to die fin^ 
ani\ lermeii lite Smitkem Pole of tke Seaveitf, A seria 
of circles is supposed to be drawn round the sphen^ 
pasting through these two points, and termed htntr. 
cirelet, as NES, NeS, NrfS, NcS, NrB, NQ9. Anothea 
series of circles crosses the hoar-cinlea at right angles 
This series is constructed by drawing the circle EQ 
termed the Equinoctial (and necessarily represented l« 
■ straight line in the figure) round the sphere, at equd 
distances from each pole, and then making an infinitj 
a/" drc/es parallel to the equinoctial, as Xk, ko, al>, tmv 
fc. These are termed parallel of dectiwrtiotv. _ 
:^. //oh- are tfiese circles divided? -_ 



ee, when 




g iliTided into 360 equal parts, 1 
usually markeii ", as 67", 67 degree*-— 
Mcli li^ree is diviilnl into GO equsi parts, tenned 
"minulti, end marked ', as HO', 59 minutes: and eadf 
minute is subdivided into 60 equal parts, termed jccondi^ 
and marlced ", as *3", 43 seconds. Tliua n point at 81' 
d^rees, 50 minutes, and 43 leconde, would be sliortl|i 
SXpressed, 67° 59' tS". . 

gC- How arc llie different hour-circles distinguished! 
that it can be precisely pointed outwbioh is referral 



. AH the hour-drcles, it will be observed, cross 
equinocCiai EQ ; and tliis circle is divided as descril 
above. Each hour-circle, therefore, is named accord 
to the point in the equinoctial— that is, th 
minute, and second— wti\c\\ U wwaea- 

tQ. What pcuQt va the etvwuoctui Mt 
nbered from i 
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14 CATBCHIBH OP ASTRONOMY. 

A. From the part where il is crossed by tl 
circle, which pasEec through the lirBt point of 
Aries, lertned the Equinox. — See Seasons. The m 
hers abor« the Egoinoctial line in Fig. 9. are alone H 
be attended to at piesent, 

Q. What is ihe distance of any honr-cireJe from llitf 
point: termed i 

A. Its KiGBT AgcBNSion: and eyerj pMnt in eadi 
houT-drde has the same ri^t ascen^on. 

Q. Where is this point in the above figure ? 

A. In the middle of the line EQ, where it ia marked 
360. The dqirees of right ascension are rednoDed ftom 
thatpoint towards tberight, or ftuJuMirdia the h< 
In ihis figure, an hour-cirde is marked at IS, ! 
CO, 75, and 90 degrees. Then, from 90 to 870, or' IM 
deerees, are on the other side of the sphere, and not 
the figure. From S70 to 380, an hour-cinde li 
een crosetDg the equinoctial at S85, 300, Sit, 
SSO, 345, 360, the last o£ which is at the point from 
ivhidi we started. 

I only observe each alternate number you hm 
just named. Roman numerals occupy the intermediate 
spaces, ab&De the line EQ. 

A. Yes. The distancen from the equinox are redt- 
oned either in degrees oihmtrs; each liour conasting 
of 15 decrees. In the above figure, the distances are 
expressed alternately in hours and degrees, — II faoun, 
or 30°, — IV houiB, or 60°. Hours are marked ^ and 
divided into 60 minutes, marked ■"' when conD'acted. 

Q. Give an example. 

A. The point o in the almve figure is in the boiuw 
circle, Ne 1 1 a. ItsrightascenBion is therefore 3eo II, I 
the distance from the equinox to the point II, where 
its hour-drcle crosses the equinoctial— that is, 30 de- 
grees, or two hours. ! 

Q. How are the different paralkh of declination 
distinguished, so that any one of them can he prededy 

-rf. By thai distance notlh at tmXi\ ^Tovn liie « 
Y^tl. The Jiour-drckB are .lis\dei\ W" ^'^'^ *« 
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Of these, otie-holf, 180, lie on esuh side between the 
north and south poles. Of these 180, 90 are north, 
between the equinocdd and the north pole ; and 90 
touth, between the equinoctial and the south pole. Each 
parallel is therefore named according to the number of 
these decrees it liea north or south of the equinoctial. 

Q. What is the distance of a parallel from che equi- 
noctial termed c* 

A. Its declinatiim, north arsauth; and every point 
in eacli parallel has the same declination. 

Q. Give an example. 

i. The point iisin the parallel which lies 15 degrees 
from the equinoctial, as seen on both sides, where it 
'raeeca the hour-circle NESQ. Its declination therefore 
is IS degrees north. 

Ij. How then would you express the precise position 
of the points Cy d, e, and r ? 



SO", or 2 hours, and 30' north declinatitm; the point 
d in T^la ancensioii 315°, or €t hours, and 15° north 
fhelinaiiim ; the point a in riffht ascauion 300°, or SO 
hours, and tooth declination 30° ; the point r in right 
ascension W, or 3 hours, and south declination 93i°, or 
83° 30'. K. A. expresses right ascension — D. S. decli. 
natiDn south, and D. N. declination north. 

Q. Mention the name of some leading stars in or near 
tlie equinoctial. 

A. The most northern of the stars which form the 
belt of Obion is on the equinoctial. Procyou, of Canis 
Minor ^the leaser dog), is only about 5° north of the 
equinoctial. Spica, the brightest star in the constella- 
tion Vtiuso, is only 10° south of the equinoctial: and 
Altair, in the constellation Aquila, is about B° north 
of the equinoctial. 

Q. Mention tberightascensionofseveral leading stars. 

A. The hour-circle tliat passes through the equinox, 
termed the eqitinoctial colure, crosses the brightest stars 
MO ibe constellations dseiuvi\K avii b.'s\™t*«.'vs»t.-, 
is in north decUn&tloa *6°, Mvi "■^"^ ^i»2»- 
. AJdebaran is in notlh iw2M«!as»'^* '*^ 
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tight ascenaion 6S°. Algol, of Purbei's, U ah6 
(leclinalion 40°, righ t iBcenMon 4S°, or 3 hoars, 
isinrightaacenrfonl50*,oi-10bcmra; Arctunut 
ascenBionS12%or about 14hoiir«; Vegtt.inririi 
non 977°, or about IB hours ; Alteir, in ri^ ' 
396% or nearl; 20 hours ; Sirius, in R. A. abo 

Q. Are the places of the planets ever ezp> 
this manner in the almanac ? 

A. Yes. The sun's ileclttiation and right ai 
and also those of the planets, are expressed in I 
In Oliver and Bojd'B New Edinbui^h Almu 
While's Ephemeris, these are (' ~" -■ 

former almanac for IB41, the si 
Venus on the Ist November is Deo. 8. 8° 19* 0„ 
tion soutli two d^rees twelve minutes), and K,i 
37'°' (right ascension twelve hours thirty-M 
utes). This is very near Spies, the bri^tei 
the constellation Vibgo, and nearly in a '~~ 
that star and Regulue, the brightest star ii 

ment of the Stars aceorilit 

» their apparmit Brigktne 

Q. How are the fixed stars divided when <^ 

according to other difTerencea than tlieir aituadi 

apparent brightness } 

A. Into, I. Ordinary Fixed Stars. 9. Tcril 

Stars. S. Variable Stars. ♦. Double StarB. &. M 

e. Clusters of Stars. '\ 

Q. Which are the ordinojy^serfsfti™ ? 1 

A. Those which present the orilinary appears 

stars, and which, so far as can be discerned bj di 

scope, do not vary sensibly in brightness or dCi 

sucn es Veoa, Capblla, Arotuhus, &c. 

Q. What do you mean by temporaty Mart ? 

A. Stars which appear for a liinited time, ani 

disappear entirely. Many stars given in old cari 

are not to be seen now ; and on several occasit 

variouB parts of the heavens, new 6i.ataWNBW 

'ppeareil and diaappearetl, Bhiiiing wAftvjr- 

oforiUiitiey iluring iheir sbott caTcer. 
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CATECHISU OF ASTRONDIUV. I? 

Q. What do you mean by variable stars ? 

A. These ate distinguUheJ bv varyiug in their 
brigbtDess ; uiiilei^oing a regular alternate increase and 
diminution in their Ituttre. 

Q. Mention any variable stoi, with the phenomena it 
exhibits. 

A. The second star, /3, in the conatelladon Perseus, 
named Algol, is a variable star: it is generally visible 
in Great Britain. Il may be found by drawing a line 
from the pole-star in the direction of the letters " I'er," 
in Fig. I above, and passing through the extremity of 
the tOe of Cefhkcs, as shown iu that ligure. In that 
direction, and at the same distance from die pole-star as 
Veg*, this singular variable star may be found. — As 
an additional aid to Snd Algol, it may be mentioned, 
that it is just on the margin of the milky way, on the 
side of it furthest from the pole-star. Its right ascen- 
sion and declination are given at the top of page 16. 

Q. State tlie time and extent of its variation. 

A. " It la usually visible aa a star of the second mag- 
nitude, and such it condnues for the space of a *■ 14 "-, 
when it suddenly begins to diminish in splendour, and 
in about 3^ hours is reduced to the fourth magnitude. 
It then begins again to increase, and in 3^ hours 
more is restored to its usual brightness, going tlirough 
all its changes in ^^- SOi=- 48™-, or Ihereobouta. This 
remarkable Taw of variatioD appears strongly to suggest 
the revolution round it of some opaque boily, which, 
when interposed between us and Algot. cuts off a large 
portion of i^ light; and this is accordingly the view 
taben of the matter by Goodricke, to whom we owe the 
diSeovery of this remarkable fact, in the year 178^." 
— ffersfkel. 

Q. What are double stars ? 

A. Two stars placed so near each other as to appear 
only one to tlie eye or ordinary telescopes, are in some 
insUnces found to have a regular pr^essive motion 
round each other. Where lhiaisVVicsase,>ivtW»-i:*«i<t 
smieil douAk ot liinary. 
G- By whom was this iMcTesV\ti¥,i\Mft'^<3H'^**;*'- 
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I. By Sir WiUiaiD Herscbd, towards thi 
- the last century,— first distinctly announced 

d to the Roy»l Society in 1803. 

Q. Hag tile period of a complete revolution In ik 

le of any of tJiese double stars been determined ? 

4. Yes. In Caiitor, the leading star in the caaaid- 
lation Gemini, which is one of these binary tUm, tb 
revolution is completed in 358'6 yesrs ; Castor is Ai 
moat northern of the two stars usually tenned GeiDin 
or Twins. In a binary star in Cdroni BoREAr,is, ik 
orbii is completed in 43'4 years, — a complete period hii- 
Ing in this instance been gone through since tbe di»- 
covery by Sir William Heraehel. 

Q. What inference has been drawn from the phen)- 
men a of binary stars P 

A. Motion, and revolution in an orbit, seem toindioUti 
that, among the stars, the same laws of motioti and gn- 
vitation prevail which we find in our own system, 

Q. What do you mean by nebufae ? 

A. Faintly luminous objects, occasionally consisliiig 
of clusters of stars ; but in some instances of an appu- 
ently thin cloudy mass, with theluminoeity in some casa 
becoming more intense towards the centre, — of that thin 
fleecy appearance observed in the tail of a comet. 

It has been conjectured that these latter nebulae va»J 
he aerial matter in the process of condensation inlt 
stars, that is, into suns with their attendant planeta. 

Q. What do you mean by riiM(«rj of s(ar#? 

A. In some situations, a number of stars are fouDil 
gathered close to each other, in isolated greupa apvl 
from the others. Such a collection is termed a clitittr, 
and is generally aupposrd to belong to some eyat^ 
•eparate from the general body of the stars. 

Q, Mention some of these clusters, 

A. The MiLKV Way, the Pleiades, Co.ua Bbbs- 

»Miosa. The first owes its light to myriads of gtm 
Blmely set u^ether, of which it is found to be corapoMd.. 
ff. Are the stars supposed to W ac«Xlets&w\*osefl»u 
"'•Iv through the heaveiiK, or MiawfteA ^'^ 

Buiteordei? 
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A. ItiaconaiJereil tlmt they are set according to some 
definite plan, of which glimpses have begun to be ob' 
tained. Our star, the eun, ia believed to belong to that 
cluster which forms the milky way, beiug placed near 
ilie middle of it. 



U. THE SOLAR SYSTEIL 
Q. Whit is meant by the Solab System? 
A . Certain of the heavenly bodies are found to form 
a system by themselves, connected with tlie sun, and 
apart from the others. The sun and these together 
form the Solar System, so called frura " Sol," the Latin 
wonl for "the sun." 

Q. Which of the heavenly bodies compose the sotar 
system P 

A. The SvK, the Planets with their Satellites, and 
the Comets. 

Q. What connexion is there between the sun and 
tliese bodies? 

A. The planets and comets revolve round the sun, 
as their centre, in regular periods of time, are preserved 
in certain determinate orbits by his action, and receive 
light atid beat from bim ; while the satellites revolve 
round some planet, are carried with it round the sun, 
and also recnve liuht and heat from that luminary. 

Q. Which are the Planets ? 

A. Those stars which do not remain in one spot, but 
have a regular motion through the heavens. T^ey are 
thereftve termed ^^ano(«, from the Greek wonifAMitriii, 
s^if ying a leaiulerer ; being so named in contradjs. 
tinction to the fixed stars, which preserve their relative 
poMtions unchanged. 

Q. What are they ? 

A. The planets are worlds like our earth, moving 
like it round the sun, from west to east, in orbits Dearly 
drcnlar. They are opaque, and dark in thewselves, 
but shine by reflectmg Vhe ^\\V ■«\v\t'Ti sSwt-i ■wae»-*».'a'»K. 
the sun. 1 1 ia most ^lobcAiW iJiB.V,\{t.t *«. cw^, ■Ioks 
jerve as abtnles for animalc bwvft*- ^ 



ti. Enumerate the planets. 

A, The planets are eleven in number, 

Venus, the Eahtb (Tellui), Mars, Vbbta, Jtttt^ 
CnitES, PAUL.AH, Ji'PiTi'iH, Saiubn, and Ukamih 
(Georgium SJdus, or Herechd). 
I Q. What are the Satblutes? 

■ A. Theiie are Einaller planets which revolve round 

P tome of the above eleven planets as a centre ; tuch u 

P our mooa. They are also termed luoonn, or seeondary 

planets ; the eleven which revolve round the sun as ■ 

centre being \KTvaeA. primary pUmels. 

Q. How niauy satellites are there in the solar sf»> 

A. Eighteen. The Earth has one, Japitor four, 
Saturn seven, and Uranus six. 

Q. What ore the Cd»etb } 

A . Bodies which revolve round the sun, but in dnia- 
gated ejlipses, and not always in the sodiac, as the plaiMti 
do; and do not appear lobe of the same Koliil EubBtance 
as the planets. Tbey have often long luroinoua tula, 
which, being of a somewhat fleecy or hairy appearana^ 
have given the name cmaet to this class of boilieB, from 
the Greek word signifiying "hair." 

Q. What forces preserve the planets, satellites, and 
comets in motion, and cause that motion to take the 
direction of their orbits ? 

A. Those bodies which revolve round another are 
actuated by two forces ; — 1 . A projectile, tafigental, or 
eenlrifi^al force, whicli keeps them in motion, and. of 
itself tends to make them break off from the orbit in a 
straight hne (a tangent to that orbit), fly from die 
centre round which they have been revolving, and 
move on for ever in a straight line; and 2. An at- 
Iractire, ceMral, or centripetal force, which tends to 
draw the revolving body to the centre round which it 

(Ives ; and which. If alone acting, would soon pre- 
[ate the planets and comets on llie surface of the 
and the Mtdliles on their primary ij\B.t«\.. 
la aoy tbiog known ot the naWic <A ft« 






CATECHISM OF ASTRONOMY. 

Ita existence is inferred from ihe pheno- 
; but we are unacqnainled with any particulars 

_. Is any thing known of the nature of the atlrartiTe 

A. This seems to be the same force i 

■ operation on our earth, termed ^ranfy, o 
^^jfranilatimi, which causes todies to fall to the grounif 
^Virhen [eft unsupported in the ur, which makes them 
^nxert 8 pressure there, gives them the property we call 
^Mfeeiffht, anil which causes a body thrown up or along in 
^f the air soon to come (o the ground. 

Q. What circumBlances r^ulale the force of this 

■ power — the aCtrac'ioD of gravitation ? 

A. Two, — the quantity of matter, and the distance. 

Its force is directly as tne quantity of matter, and in- 

lA vtrsefyas the square of th^distante. If the quaniiCy of 

m matter in a body be double that in another. It will exert 

■ a double attractive force. If its distance be double, it will 
^ exert.not one-half, but one-fourth, of the attraetiveforce. 

■ If two equal bodies be at distances from another which 
1 are as 1 to 3, the attraction they exert towards that body 

willbeiiitvrjK/yastbesquaresof I and 3, that is, if iVcel^ 
as 9 (the square of 3) is to one (the square of 1), or 
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— See note, page 39. 

Q. Explain the figure of the solar system in page Si; 
A. This figure exhibits the comparative distances 
and magnitudes of the planets. In order tliat the 
whole may be included in a small space, and the pro- 
poitions preserved, parts only of the orbits of the more 
distant planets are given, — the sun, the centre of all, be- 
ing placed near the bottom. Close to the sun is seen a 
small circle, the orbit of Mencunv, with the aslrono- 
nueaJ sign employed to »iilvc«\e'i^vsK,i^'at>.-. ^bs^c^N; 
""-"t of Vhnos: then lli*t t« ftvt efcx^-- *e«* « 
Mted entire. Ot ihc ofticr w[\>vwi,'>i»f^'» '^'*- *= 



I 



FleBS 



CATECBISSt O 






of the orbit being abown, as iu distance is f^reatwS 
uie name and sign of each planet are marked. The 
dotted straight lines, from the upper part of each oibit 
to the scale at the side, shew the comparative dislancei 
of the planets from tile Eun and from each other. The 
first proceedE from the sun's centre ; the second shows 
the Eadth's distance ft-om the Sun, the third that of 
Mabs, the fourth that of Vbtta, and so on. The num- 
bers at tlie aide iihow at a glsnc« the distances compared 
with the earth's distance from the sun, aa the distance 
between an; two a<ljoining nurabets is the same as that 
from to 1, which is the earth's distance. The curved 
dotledlinesrepreaenttheorbita of comets. The smaller, 
which is complete, represents the orbit of the comet of 
Biela : the other is introduced to show the very elongat- 
ed form which the orbits of comets sometimes assume. 
It must not he regarded ae accurate in hs proportions. 
It must be observed, that while the proportionate 
ilistancEB of the planets from each other, and from the 
Bun, are preserve), and also the proportions which the 
planets bear to each other in magnitude, — thefoUowing 
proportions are not exhibited in the JtgvTe, viz. the 
proportion of the magnitude of the sun to that of the 
planets, and the proportion of the magnitude of the sun 
and planets to that of the various orbits. The sun's dia- 
meter is about tfn times that of Jupiter, and less than 
,«ne-eightietb of the diameter of the orbit of the nearmt 
let. Mercury. The satellites also are too near. ^fl 






I.TmkSunCSoi.), ®. ■ 

What is the sun supposed to be ? ^ 

A. A globe of immense magnitude, opaque in itself, 
hut surrounded by a luminous atmosphere, from which 
emanate the rays that cause heat and light when they 
strike upon bodies. 

Q. What is the distance of the sun from the earth ? 
A. A little less than 95,000,000 f ninety-five iniffions) 
miles is the mean distance. — But tW «ni^'a%%'&^!^^s^:^«i 
tiJes nearer the sun in oui'«in\£i 'ihai^v^ 
■See Earth, and Seasons. 
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Q. What is the exact {arm of the sun ?< 

A. This bcxly is not perfectly spherical, 
the plaDCtg, isnallened at the twaoppoeita< 
poUt. Its form Js llierefore that of ui oii 
like an orange. ' 

Q. What is the diameter of the lun f | 

A. The Bun"s diameter is a very litUj 
883,000 (eight hundred and eighty.tw 
miles ; or 1 1 1 } times that of the equaloria 
the eajth. 

Q. What is the bulk of the sun cotn 
of the earth ? 

A. The sun is to the earth in bulh 
1 : that Lb, the sun is extended through 1^ 
the space occupied by llie earth, i 

Q. What is the weight or gravitating fn 
compared to that of the earth f 

A. The weight of the sun is to that o{ 
3^4,936 to 1. 

Q. How is it that the sun esceeds the ei 
more in hulk than in weight? 

A. The density (the comparative quant 
tating matter in the same btuk) of (he sun 
tliut of the earth. The sun's density ia tt 
earth as O'SSIS to 1, or about one-fourth q 
earth. The sun, therefore, being of mud) 
terial than the earth, exceeds that body rtn 
bulk than in weight. 

Q. What is the force of gravity at the ■ 
sun compared with that at Uie eartli'fi Bur£[ 

A. The force of gravity at the surface ( 
ST'O times that at the surface of the ^u'lj 
therefore, which at the earth's surface wot 
a spring to an extent indicating a weight a 
would, at the surface of the sun, compress 
as much as 91'9 pounds would at tlie eartb 

Q. Why is the force of gravity at the t 
so little above that of the earlb f 
.A Becaxue the diatsnce fnnn <ihB w^ 
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. Is the eun absolutely fixed, or has it 9Dm< 

lun revolvea upon its axis in a lit 
■five (lays, in a directiDn fitiin trest M etiet^ | 
LB this ascertsioed ? 
i. By observation of the spots on ita surface. These 
"luiiil to ilisappear on one side, while otlie« appear 
le opposite side, and disappear in their turn. The 
inn pif^easive motion of the spots at the same 
te, and in the same direction, can only lie explained. 



alo^ moiion of the body of the si 
ened fo 



Ihe flattened form of the eun at the poles is a confirmur 
'' >n of its rotaUon, as ne know that all bodies whidl 

tite lend to assume tliia from. 
Efi- Bow does the sun's axis lie with reapect to lb»' 
" ic of the ecliptic (the earth's orbit) ? 
. The axis of the sun ia not perpendicular to thft 

lb*) 



liptic: it leans T* 90' from the perpendicular ; form. 
B therefore an angle of 82° 40' with the plane of An 



. Has the sun any other motion? 

. It is supposed that the sun is not fixed ii 

, but has a proper tnotiim, as it is termed, ihrougbi 

a, carrying the planets along with it. 
WQ. From what ia this inferred ? 

pA. It appeared to Sir William Ilerschel tliat tile prin«- 
Hpal stars had a gradual motion from Ihe constellation' 
Hercules, and were hecominj; more open or spread out in 
that quarter — which he considered might be explained 
by a motion of the sun and planela towards that con- 

f illation. — But this, though it ia highly probable that 
bsun has a proper motion of its ovra, must be regarded J 
K mere conjecture at present. I 

<Q. Has the sun no otlier motions? I 

A. The sun epj>enrs to move daily tlirough the skr^ ^ 
giving rise to ninht and day ; and yearly through the 
constellations of the zodiac, causing its diiferent def(rees 
of elevation above the lioriiQH«.OaSctwv\.\etv»!».'*-'^» 
year. But these ate on\;j (ijtparent ttkAvim <*! ** ™^_- 

f first caused by the rolalion o^ 'Otie <»i*' "s^^* 
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— the second, by the earth's annual revoltttii 

the sun. — See Earth, Seasons, &c. 

Q. What appearance does the Bun present iM 
viewed through a telescope? 

A. It preaentB a somewhat mottled appearance, . . 
minute shady spots scattered through the ItUDinM 
matter. Lai^ dark spots, which are not permuwA 
and vary in size and form, are seen on its BUiAoi 
these are termed macula*: they consist of a daik 
black part in the centre, termed nucleus, with a be 
rounding part not so dark, termed penntmhra; and 
the vicinity of the spots, brilliant highly luminoti 
streaks are seen : these are ct^eAfaculae. 

Q, Are the maculae found at every part of the tail 
surface? 

'. No. Only near his equator. 
'. What is the magnitude of the maculae . 
'. They vary in diameler from a few hundred tl 
upwards of forty thousand miles. 
Q. What are the maculae supposed 
A. Various theories have been formed r^arditt 
them. It has been supposed that the surface of At 
a state of combustion, and that the spoteCH 
sruTiac, iieiim, or ashy matter floating on the suriiix 
They have been thought to be cavities in the bodytt 
the sun, the nucleus or dark part being the bottom «1 
the cavity, and the penumbra or shady part its slopba 
sides, and they have been conjectured to be the smobea 
solar volcanoes. 

Q. What is the opinion most generally entertained 
at present respecting them ? 
K A. That the spots are parts of the dark body of tbt 

^M sun exposed to view in oonBequcnce of breaks or gaps io 
^B the luminous atmosphere which is heUeved to surroiniJ 
H >he body of the sun. The pemai^a is supposed to b« 
r caused by portions of an inner non-luminousatmoaphew, 
K in which the gap ia not so wide as in the external h* 
^B minous one; for when a spot Aisa-^i^emi, iW -rou^^ 
^^am^acts, and is lost before ibe ^en^mibia, — "^ -'- - 
Wb the inaei atmosphere had fitted w'p 6v* 
^EC'- rften the Bun is supposed toha^'eVv.c 
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transparent, but not luminous, next ilie 
1 ; and an extemal atmosphere, highly 
I an elevated temperature, which is the 
ght and heat which the sun [Ufluees. 
atmosphere, perhaps, rises into the other, 
anil causes the mottled appearance above alluded to. 
Q. What are the faculae supposed to be? 
A . The elevated parts or ridges of naves in the lu- 
minous atmosphere. 

Q. Why is the luminous matter at the sun's surface 
supm ■ ' ■ 

be subject to rapid and very violent agitations and rup. 
:, such as is probable only in aerial matter : and 
s the light that emanates from the sun is defi- 
1 some of the properties that belong to light pro- 
ding from a solid or fluid. 

Q. Is any thing known of the source of the sun's 
■"ligUt ? _ 

A. Nothing positive. It has been conjectured hy 
some Ui be caused by minute particles of the sun's sub- 
■^ stance discharged from it, and by others to be caused 
^ by eiimltOHj or iiiululalione in a thin fluid difluted 
V throughout space, which is supposed to be excited by 
^T the presence of luminous bodies, into undulations ra~ 

* pable of giving rise to impressions of light. The latter 
. theory is now more generally received. 

S. TbB PlaKETB, with TBEIR S^TELLITEa, 

* Q. What is the form of the orbits in which the 
. planets revolve round the sun ? 

' A. Elliptical or oval, " Each planet revolves in an 

f eUipie, having the sun in one of its foci." 

" Q. What is an elUi.se ? 

' A. An oval figure of such a nature, (hat, tno certain 

points, called its/ii>^', being taken within it, the sura of 
two straight lines drawn from an^ itwvAva.>\w,cAuun_ 




Q. Describe this figure. 

A. EBCDHG is (he ellipee, and the poi 
two foci. Accordingly, if from the poioi ' 

'sight lines be draivri to the foci, the ti 
from an;f one of these points shall togethejj 
length to the earn of the two drawn froHJ 
the other points in the circumference to tbd 

Q. Then ihe planets are not always at t| 
lances from the sun f ] 

A. No ; they are at different die(anees4 
parts of their orbits. j| 

Q. Do the planets moTe with a uniform 
their orbits 7 ' 

A. No, — they move more rapidly 
(hey are nearer to (he sim. " The rodh 
planet describes areas proportional to the* 
equal areas in eqaal times. I 

Q, What is the radius vector of a planet! 

A. An imaginary straight line drawn Frt^ 
the plaoet, supposed to remain ft».eA sA-'ial 
fiiilowdteplanel'm itscouree ->'*— -J 
ir contracting aecoiiia^ 
or nearer to the sun. 
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Q. Illustrate the above law of equal a 

les by reference to the figure. 

A. In Fig. i. above, let S be the sun, and A, ] . 

a, e, six successive positiona of a planet: then liut 
ee SA, SE, SG, SH, So, Se, will be the radius vectoi 

the planet in these several positionB. Now, let il 

mpposeil that the planet has moved from A to E,, 
i from a to e, in exactly the same periods of time.: 
Vould then be found that the radius vector, in pasa.. 

from SA lo SB, has traversed the same space a . 

passing from Sn to Se, — or that the shaded area 
J; IB equal to the shaded area Sac; that is, a 

above, that the radiua vector describes equal 
equal times,— <)T (hat it describes areas propor- 
Ihe times. In like manner, if Che area SEG be ' 
the area SGH, then the plaoet will move from 
(o G in the same time as from G to II 
Q. In what direction do the planets move round the ' 

? 

t. From west by south to east. 

>. Is there any relation between the distances of the 

lets and Uie periods in which they revolve 

I. Yes, " The squares of the periodic (jmes of the 
lets are proportional to the cubes of their r ' 

from the sun," — that is, the square* of the 

re any planet takes to go round the sun 

iquare of the days any other planet takes to go roand 

be sun, as the cube* of the distance of tlie first planeC 

brom the son is lo the cube of the distance of the second 

from the sun; or, in the case of Mercury and' 

365 : : 37 : Bj 
,e first number expresses tlie number of days 
1 by Mercury in ita revolution round the s\ 

ibcr b UiF numlier produoMl by multEjil 
- — c (mb« dl % uunbn \h \^^^MtwA'^nt\ 
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1 the poles towards the middle regions, and 

Jl ticcumulatioD in thst quarter. 

fQ- Then, why are the waters, which are loose ., 

Soveable, not accumulaleil about the middle regioiiKl 

'le earth's iurface, and the polar regions left dry f 

'. Perhapa, from the land iteeli' heing worn tlowH 

he action of various disintegratiDg forces, rendered 

te and moveable, and diffused llirough the waiera, 

n which it aub^dea and filta up the lower parts. — 

i possibly, because the earth assumed tills form be- 

"e there was any solid matter upon it, while it was 

"u the fluid state. 

w does the rotation of a planet influence the 
« of gravity at ditierent parti of its surface t 
' '~ 'essens the i'urcc of gravity in the middle 
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r Q. Explain how this takes place. 

^ A. ThU occurs from two causes:—!. 'WTierever , 

Is rotatory moUon, the parts furthest from the axis wilT 
move most rapidly, and have the greatest tendency to 
fly off. The force of gravity, therefore, will he most 
resisted at those parts, and will proiluce a less eBect, — 

*lesB, by the amount of the centrifugal force, — and ac- 
cordingly it is found, that a body weighs less or pro- 
duces less downwards pressure towards the middle re- 
gions of the earth's surface than near its poles. S, The 
oblate form which the rotatory motion imparia to the 
planet, also diminishes the force of gravity towards the 
middle ri^oiis, the parts there being further from tlie 

Q. How could tiiia difference in the force of gravity 
at the pales and middle regions of the earth he shown p 
A. Either by a spring balance, or by the pendulum. 
It would be found that any given weight would prodnce 
a greater effect upon a spring lialance, according as it 
was brought nearer to the poles, its gravitating force 
becoming greater. The pendulum would vibrate or 
make its oscillations more rapidly the nearer it waa ta 
the poies .- showing thai ftve tw^e (A. ^wfvv^vi 
^B that direction. 
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_. Are the planets observeJ in all parts of ibe heavens, 
'w oiily ID certain definite regions 'f 

A. The planets are seen only in a particular lone or 
beltof tbeheaveoB, oneach side of ihel'aieiif the ecliptk 
(the earth's path through the heavens). This zone it 
ttnned the Zodiac: see page 11, anil page 6*. The 
^^^■nes of the orbits of the planets are not coincident, but 
^Hbey are not much inclined to each other. 
^B (I.) 77ie Plan^ Mercury, Q. 

^H Q. Wliereia this pknet situated in the solar system? 
^B A, It is the neureet of all the planets to the sun, bo 
B)|r as is yet known, 
^r Q. What is the mean distance of Mercury from th« 

A. About 37,000,000 (thirty-seven milliona) mileg. 

0. What is the form of the orbit of Mercury ? 

A. Rather an elongated ellipse. His excentriei^ 
(the distance from the centre of the ellipse in which a 
planet revolves to the focus) ia more than a lifth of bis 
mean distance from the sun. He will thus be at one 
time a-5ths of his mean solar distance nearer to the aun 
thanatanother.—SeeFig.d., in which ADBGrepre 
an elUpse, S, F, its 
foci, C its centre. 
Ad is termed the 
mt^r axis of the el- 
lipse, BE, the minor 
tuis. Then the dis. 
tance from S to C, or -^ 
F to C, is the excen. 
tricity : and if S re- 
present the sun, it is 
evident that a planet 

is further from the sua at D than at A, by the distal 
B F, that is, twice the distance from the s 
centre, or twice the excentricity. 

&. What is the diameter of Mercury ? ■ 
-^. A little less than 3100 mi\ea,— moic 
■J' 74 miles. It is the smaU«st of >.\w; vlancw, ^ 
™e asteroiils. 
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Q. In whattiinecIoeaMercur; revolve u[Kin his ai 
A. In 21 hours, & lainutee, and e, few seconils. 
Q. In what lime does Mercury oomplete bia courie J 
round the sun ? 

A. In 87 days, 93 hours, S5 minutes, — nearly 88 
days. 

Q, At what rate does Mercury move in his orbit ? 
A. At the amaeing rate of 30 miles in a second, or 
1800 miles in a miaute. 

Q. Can Mercury be seen by the naked eye P 
A, Yes. But seldom, and only for a short ti'nii 
Q. Why is thia planet seen so rarely and so briefly ? | 
A. Because he is so near the sun, that be is always' 
in tliat part of the sky close around the eun, and his in- 
ferior light is lost amid tlie sun's raya. Mercury nev«>.l 
departs above 23 degrees from the sun. 
Q. At what times can Mercury be se 
A. Only for a little before sunrise, and a little after I 

Q. Does Mercury ever pass directly between the, 
earth and aun? 

A. Occasionally. He then appears as a black 
travenring the surface of the sun, — which is termt 
tratiHt of Mercury omr the sua's disc. This is a raiwj 
phenomenon, however. ■ 

Q, Why does this transit occur so seldom ? 

A. Because the plane of the orbit of Mercury is not 
coincident with that of the earth, — beinc one-half nbove 
the plane of the orbit of the earth, and tile other half 
below. Consequently the sun, earth, and Mercury, can 
only be in the same straight Hne, when the two latter 
are in the line of intersection of the planes of their orbits. 

Thetransitof Mercury occurs at intervals of 6, T, IS, 
^6, and 263 years. 

Q. How much is the orbit of Mercury inclined 
ecliptic (the earth's orbit) ? 

A. About beven degrees. That is, there is an anttlvi 
o/seren degrees at the intEraecl.wnoS v.'ae'jNa.t 

OlirbiU. 

~t Do& Mercury app^^ slwa'j'i cS 4ie f* 
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limed towanlB ub, we see difierent smoi 
aminated half at different timea. 
Q. Of what size does the sun appear si 
A. About three times the diameter whi 
I the earth, — correctlj, as 89} \o 39. 
Q, What proportion of light and beat 
eceive from the aun ? 
A. About seven times an much aa the e 
le heat and liglit will be seven times gr: 
far at those depend upon the »«n'.s ra^» 
(2.) T7te Planet Venus, 9 . 
Q. Where is Venus situated in the sols 
A. The orbit of Venus lies between tho 
md the earth : being the aecond in order 
Q. What is the mean disUnce of Ve 

A. Less than 09,000,000 (sixty-ni 
—about 6fl,5!»o,noo miles, 

Q. Does her distance from the sui 

A. No ; her excentricity is only aboi 
nean distance from the sun. 

Q, Wliat is the diam eter of Venus 
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Q. IcVenuiie 
A. Yes ; she U 
whence her DBme ; und she appears lo us as bright ai 
isrge as Jupiter, which exceeds her very much in mag- 
■ nitude- 

^H Q. At nhat periods is Venus Been ? 

^^L A. Before sunrifie and after eunset, being weU known 

^^Bk the firat case as P/iosphoras, Lwci/er, or the Btominff 

^BBlar ; in the second, as Heipenu, Vetper, or the eteninff 

^1 ttar. But she ia seen for a much longer time before 

^ mnrise and after sunset than Mercury, departing much 

further itota the sun than that planet can do,— namely, 

lo a dJGlance of forly-Beven degrees (47°) from that 

luminary. 

Q. Does Venus ever pass between the earth and sun ? 
A. Yes. But the transit of Venus over the sun'a 
disc occun seldom, for the same reasons assigned above 
tor the rare occurrence of the transit of Mercury. The 
transits of Venus lake place alternately at intervals of 
about 8 and 113 years. The last transit of Venus was 
in the year 1769. The next will be in 18Ti, and (he 
next in ISSS. 

Q. Is not this phenomenon of great use in practical 
astronomy ? 

A. Yes. It has been taken advantage of to aid us in 
determining exaclJ^ the sun's distance. 

" How much la the orbit of Venus inclined to the 
s orbit (the ecliptic) f 

About three degrees, twenty-four minutes {3° St'). 
'it Does Venus changeinherapparent size and form? 
A. Yes. She hasphaies, like Mercury and the moon, 
nad for similar reasons. 

Q, Of what Gize docs the sun appear at Venus ? 
A. The diameter of the eun appears at Venus about 
one-half great«;r tlian at the earth, — correctly, as 44 to 
3S. 

Q. How much greater is the sun's influence at Venus 
than at the earth ? 
A. About double. 
Q. fVhai angle does ihe SLXisoiN 
plane at her orbit ? 
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A. An angle of onlv 15 degrees : tbit ii 
leaui T j d^rees from the perpeDdicolv. 

Q. Wliat peculiarities id the cangtitution 
result from tli is great inclination of her axis 

A, That there is a much greater diversity 
than prevaila on the earth, — that the days 
longer where it ia summer, and much shorli 
IH winter, — that a larger proportion of the regi 
the poles have perpetual dav or perpetual n 
that the middle or equatorial regions of Venu 
Buinmcra and two winters in each of her j 
Seasons. 

(3.) The Planet Earth {TcUhs), 6 

(j. What position does the earth occupy i 
system ? 

A. The earth is the third planet from the 
orbit lying between those of Venus anJ Alar 

Q. What is the dietance of the earth from 

A. The mean distance is a little less than '. 
(ninety^^five miltiouB) mijes. The least distj 
earth from the sun is ahout 83,500,000 (ninet; 
a half millions) miles : this position is lenne 
Mion (near the sun), and (he earth is in its 
on the Slst of December. The greatest di»t 
earth from the sun is about 96,500,000 (nint 
a half millions) miles. This position is tcrtr 
helion (from llie sun) ; and me earth is in i 
on the 1st of July. Her excentricitj is aboi 

Q. The sun must appear larger in Decern] 
July? 

A. Yea ; in iho proportion of 321 "> 31}. 

Q. What is the diameler of the earth ? 

A. Its mean diameter ia 7913'4 miles, 
from pole to pole, the diameter is TB99-IT i 
is the shortest or polar diameter, or axis. 
thrvngh the widest part, the diameler is 193. 
this is the longest or cqwitciriol liamwjci. 
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meters ie 26*7 miles, l-^SBftv fi 
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!. Mlut is the Equator ? 

is (he circumference of the earth round iM 
It part. It is S1,9S6 milea in length.* 
How is the surface of the earth marhetl, in onlor 
ecify the precise position of any point ? 
. In the Esme manner as the sphere of the heavens, 
[plained in pages IS — 16 ; different terms, how. 
! applied to the various circles. 
„k the tai^ figure, page 13, represent the surface of 
_.B earth, NS the axis about which it rotHles, N lh« 
tort}] pole, S the south )>ole, and £Q a circle drawn 
'ound the earth at equal distances from the north and 
outh poles, that is, Aie equa.tor. Then the circlea, Z^t 
io, q 15, ah, mn, are termed Pakai.lf.ls of Latiti'dh ; 
md the circles, NESQ, N«S, Nrf3, NeS, &c., whic^ 
k&ss through both poles, are colled the Mekidians of 
iny places ihrotigh which they pass. 

a. MHiat is the distance of a place north or south 
Tom the equator termed ? 

A. Its Laiti'uiie, north or south. Thua the point 
I is in north latitude 15 degreas ; the point r in south 
^tude 9^1 d^ees. 
n^ What is the distance of a meridian along the 

■bI. Ila Lonoituhe : eaf.t or west, as the case may be, 
Hws (looking DOW at the figures hclow the line EQ) the 
^mat 4 nould be in west longitude 6U*, as seen where 
Its meridian crosses the equator ; the poiut r is iti east 
longitude 45 degrees. 

Q. From what point on tlie equator are the degreea 
of longitude reckon»l ? 

A. By the British, ihe longitude is measured from 
the point where the meridian of GaE&NwiOH crobses 
the equator. On tile earth the degrees of longitude are 
reckoned eastward and westward from the meridian of 
Greenwich, of course going only 180 degrees each way. 
—See the lt);urcs below the line E(j in the figure. 
is meant by tlie Hottvunt' 
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A. This is Ihe circle obHerved ^B 

where the earth and sky appear to Me^ 

view around him : it is also termed the 

eon. TheratiimaloTceli^ialkoriinmiati 

10 [he above, also cutting the sky, but the | 

passes through the centre of the earth. 

Q. What ia meant by Zent™ and Na 

A. The zenith is the part of the heavei 

the head of the observer; the nudir, the 

beneath him, 

Q. Illustrate these terms on Fig. S. paj 

A. If the black globe in the centre 

earth, and S a spectator on its surface, 1 

zenith, » his na<lir, ^v the plane of his sen 

ao the plane of his rational horizon. 

Q, In what time does (he earth turn ti] 
A. In 93 hours, £Q minutes, l-OQ Kt 
SG"- V09*- — This is a Sidichgai. d^t; 
Q. How is this reckoned? 
A. From the time of a star being on Ih 
a place till it returns to*lhe same meridiai 
Q. What is meant by an olgect bd 
meridian of a place?" 

A. When the plane of the meridian o 
being produced, would pass through an] 
object is said tohe on Ihe meridian of dii 
Aeot^ectcomineon tlie meridian is tennet 
to the meridian. ' 

Q, What is meant by a Bol*b hav ? 
A. The interval between two succesBi'v 
the sun to the meridian of a place. 

Q. WTiat ia the length of the " solar da 

A. The mean length of the solar day ia 

Q, Why is it tnore than the sidereal da 

A. On account of the earth's motion n 

The distance of the earth from the Axi 

great, (hat iVs position in any part of ^ 

r^arded as aUeaya the sanw, in referen 

M Jb shown by ita aws poi.nli'Qa W^ 

allaaeB. Hence, in relerence Wi'S" 
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It; be looked on as Dot moving round the sun a 
It ever remaitiing in the same epot, rotadng at k I 
uform rate on its axis, and therefore always returning | 
any star in (be same time. But the carih'e moti'oS' '\ 
neurds in ita orbit makes a material difffreuc 
•nlinii in relation to the ian. Accordingly, after the . 
Till liaa made a complete turn on its axis, luid brouf:ht 
le meridian of a place, on which the sun nas at the 
ifumen cement of that rotation, to the xame point again,. 
laX meridian will not have reached the sun at the cloai 
Uhe rotation ; for, the earth has during that period 
Bed onwards in its orbit as well as on ita axis, and 
Kt therefore, having in a manner moved past the- 
IL move further round than the complete rotation lo 
Hg that meridian to the sun again. 
1^ Explain the other Unes in F^. 3. page 13. 
B The dotted parallel ZA, near the north pole, ia 
e Arctic. Circle, 83° SB' from that pole. The dotted 
irallel to, is the Tropic of Cancer, 33° 88' north of the 
[Uator. The dotted circle ab, is the Tropic ofCapri- 
m, S3° 88' south of the equator. And the dotted 
igde ton, near the south pole, is the Antarctic Orel*, 
^^aS' from that pole. 

L What is the line ao, crossing the equator and 

Din£ the two tropics ? 

1, 1%i(iB the Ecliptic, or the apparent annual path 

' e sun north and soulh of the equator at difibrent 
b of the year. — See Seasons. 

^ At what rate do the equatorial parts of the earlliV 

t They move round at the rale of 17*3 miles per 

ate, or 1038 miles per hour. 

■f. In what lime does the earth complete her course 
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L In 36i days, 5 hours, *s mi 
L. At what rale does the earth ir 



It aba » ta Ue rraptoi] T»i . a»A \b im tvA'A <w^-t «^*2 
^ i%:AqM il •rooU be nun coRfA u #"*»J^?^a 
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|p, The mean velocity of the eanh in her urbiC ta 
18} mileB per secoml, or 1 1 tu miles ]>et minute. 

Q. Wlut is the diuiucier of the sun, aB seen from the 

A. About half a degree, or (hirty-tii 

Q. What angle does the axis of the rarth fonn (rith 
the plane of the ecUptic (the earth's orhit) f 

A. An angleof ee^Sl'SO" (»is(y-HiK degrees, thirty 
one minutes, twenty secondu), — that is, the earth's an 
leans from the perpendicular to the orbit, or indiMI 
towards the orhit S3° 28' 40" (twenty-three degree^ 
twenty.eight minutes, forty seeonda). The extent of 
the inclination may be Been in Fig. S. page IS. T.iet the 
line ao represent the |>lane of the earth's orbit: then 
NS will show the direction of its axis. 

Q. What reeulla flow from this inclinatiou of ,the 
earth's sxis P 

A. The changes in the seasons, and in the lengthfif 
night and day.— See SeasonB. 

Q, Does tfaeaxisof theearth preservetbeaamedins- ^2- 
tton during the whole of its course round the sun ? a-cJi 

J. Yes. It is always, in any situation, paralM ta Jh ^4 . 
position in any other situation. Thus, if in Pig. a, fli i^^^at 
small black globe in the centre represent the eartl^lB t^y 
axis pointing to N and S in the heavens ; it niUlM ^S- 
found invariably to point to these same points. 4 ^ « 

Q. How may this be ascertained? £2- 

A. By observing the poiition of our pole-siar, -whid ^^■ 
corresponds to the point N in Fig, 2. If this star it ^e e 
watched, at whatever period of the year, or at any tint 6 
of the night, and its situation aacertained in referraictH -^. 
any fixed olgcct, as a tree, pillar, comer of a house, it wB kino 
alwayiibefonndinthesamerelativepositionlothalol(je(t Q- - 

0, What is the mean density of the earth ? ji. 

A. The average density of the wliole earth iaahM takes 
a, compared to water as I ; but that of the parts at Al i>ne [ 
surface is only about 2-5. ,,, , -ii, co 

Q. How much is the force rf ^taViVij Oinvuuihfld^ powt 
[ie.fia/(i's pqaator by cenWifu-ffiiweei ,^ ^i«c 

"* "»out l-sasth. A bod's, OsetrfOTe, li 
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e alone. ia the eqnBlarial regions, willweiehl-USStli 
R ifasn at [he poles, where there is no centrilugBl force. 
Q. And bow luuch is the force of gTRvitjr Ices at the 
Utor than at tbe poles, from its greater distance from 
; centre, i-e. from the spheroidal form of our pUnet? 
^. It is about l-290th less from this caug& — 
ul difference in gravity at the poles anil ac the 
_ ._', therefore, is equal to tbe sum of these two 

ntities, or I-194tb; for jlg and ^jp make jlf. 
Bordin^y, a bod; which weighs any ppvcn quantity 
'^e polea, as indicated by a spring balance, must be 

eased in weight by l-19»h part, to enable it to pro- 

t the same effect on tbe spring at the equator. 
7^ Moon {Lund), j. . 

(. Wliat is the moon'ssituaiion in the solar system ? 

!. The moon is a sstetlile or secondary planet to tbe 

h, Tvund which it revolves, and with wliich it is 

led annually round tbe sun. 

L What is the mean distance of the moon from the 

L About S3T,000 (two hundred and thirty-seren 
jUand] miles. 

f. Of what size does the earth appear at the mi 
|. About 13 limes larger than the moon appears ta 
<«rth. 
^Q. What is tlie diameter of tbe moon ? 

A. 3160 miles,— a Ltde more than l-4ih of that of 
lieeu-tb. 
Q, In what time does tbe moon revolveupon her a 
A. In twenty-nine days, twelve hours, foriy-fouf 
linules— as "■ lai"- l*""- 

Q. In what (imedoes the moon revolve round theearthl; 
A. In 29 "i- 19''- 4-1 °>-,— -the same time which she 
akes to turn npon her axis. This is tbe period from 
e new mooti to the next, — from the time of her being ; 
conjunction with tlie sun (ill she comes to the sama 
sition ^(Bin, — and tt \b termed a sgnodieai month, od' 
r ijmodical revoludon. ^J'K'•^el!l,'^c^^■wv^■wsslBA.•|«s 
9un but to the slara, »W\*.'iviui\&\ai'*aw.^o^ 






ne star in 87 «■ 7 'i- 43 "=- This is termed a 

periodical month ; and is the tnip period of t 
jon'B revolmioti round the earth and on bt 
Q. AVhat results from the period of the ni 
in on her axis being the same as that of her revolntidn 
iind the earth ? 

A. That she always presents the same side to theeailh: 
at that ride is never totally dark, having one fortidj^I 

Euiilight, and being itiuminateil by the earth the o£cr 
ttni);hi ; anil tliat the other side has aliernatdy i 
rtnight of sunlight and a fortnight of darkness. '^j^ 

Q. At what rate does ihe moon move in her orbit? ^"W 
j1. About 2-3dB of a mile each second, 37-9 milab ^^5 
minute, or 9277 miles per hour. ■ — 

Q. How mueh is the orbit of the moon inclined ia 
e earth's orbit? 

A. The I'lane of the moon's orbit forms with llu 
liptic an angle of 6° B' 47-0", so that the two p]«M 
■e not very far from being coincident. 

Q. How is the axis of the moon placed w 
I tlieplaneof theeeliptic,— thepathin which them 
^ng carried along with the earth, moves round the mmF I 

A. The moon's axis scarcely leans tovratds the ecHpliC I 
. all, being almost perpen<hcular to it. The an^ h 1 
■rms with the plane of the eclipse is nearly s right I 
igle, bring 88° 17', — thus leaning only 1° 43' to ft' 
^liptic. The moon, therefore, can hsve little or I 
lange in seasons, or in the length of the day. 

Q. Doesthemoon'sdistancefromtheearthvarymudl} I 

A. Her exceutricity is l-90lh of her mean distoMi I 
-om the earth, or about tS,<H)l) miles. The diffirKMg I 
etween her greatest and least distance is therefore at 
4,000 miles, — I-lOth of her mean distance. 
(4.) TAc Planet Man, j. 

Q. Whikt is Mars' [Wsition in the solar systeni ^ 

W. Mars is the next p\anet Xw-jonA the eanb,'Iiitl 
j/V lying between those of ti\e earth awA.'N ettju 

? isii not sometimes tenueii 9. w — '— -■• 

^«,- ilislhcfirBtof iWbi 
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at t)ie plniicu which are nearer to t 
t'Dilh, iiamelj, Venus and Mercury, are Icriiied infe- 
rior ; — tliose which ate farther from llie euii tliaii the 
earth, tuperior, an Mars, Saturn. 

Q_. What is the loean distance of Mars from the bud f' 
A. 14*,S00j(HHi (one hiiiidred and forly-l'our wiilioiiB 
five hundred thousand) miles. 

Q. Does Mars' diitance from the sun vary much ? 
ji. Considerably more than the earth, but not so 
much as Mercury. His excentricity is less tlian 1-IOth 
of his mean distance. The difteterce between his 
aphelion and perihelion is theretbre about double that, 
or l-5th of his mean distance from the sun. 

Q. Of what magnitude does the sun appear at Mars? 

A. The diameter of llie sun, seen from Mars, is to 

that of the sun, as seen from llie earth, as SI 

about 8 to 3. 

Q. What is the relative proportion of the 
fluence at Mars and at the earth P 

A. A Utile leas than one-half, or as IS to a 
Q. Wliat is llie diameter of Mars P 
A. About ilOO miles,— a Uttle more than one.half 
that of the earth ? 

Q. Ill what period docs Mars revolve on I 
A. In about twenty-four hours and forty 
8* I- 40 '"• 

' Q. In what period does Mars perform his revolutii 
^nd the sun f 

k.tf. In 680 days, %:) hours and a half ; moving 
nnt 8t the rate of about IS milea in a second, a 
few per minuie. 

mti- IIow much is the orbit of Mars inclined ti 
"I'Borbit? 
. Their planes are nearly coincident ; the a 
.«lween them beiHK one of only X" lil' 3". _ 

ii- What angle iToe« tlie axia of Mars form witli llie 
plane of his orbits 

ji. Aa Mitgle of 61° 35', aVwiH. SI Vw.rf a'W)^* angle, 
— leaning therefore from t.\ie \i«^\A\c^'i A»«.i.V3A. 
f£^ MRht angle, 38° 2&' ; a\\\,\lc wwte- W'«««^*^ 
mm. Therefore, ll.ctc (nMSl>M«.co\*VVt«M«''"«' 
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the seasons al Mara, mare 

CBTih, though leM tbait at \ 

Q. \V'haIap|>earance JoeaManpreaen 

A. Mars, frequently being near tt 

pretly large ami bright, though txt I 

Venus or Juptler. He shines with 

iighl, but (lull and dusky-taoking. 

Q. ^V hat appearance does Mara preaeE 

A. It exhibits phases, varying a 

amount of the illuminated part which i 

us, which ahowg that Mara is not tt 

siiineti by reSecting the sun's hght:— 

around his poles are observed to be i 

the oilier parts, which, it is eonjecturei 

accumulation of enow and ice around 

to what prevails round the poles of t 

and ice reflect light brilliantly, and 

covered by these, as ours are, certainl] 

to the brilliancy observed in these repi 

Cs^-9.) 7Tu Aslwoitk 
Q. Which are the Aileroida? 

A. Four small recently discovered 

between the orWta of Mars and Jupitei 

JutJO,CEnEa,andpAij.«s. They area 

telescopic, as they are not visible to th 

can only he seen by aid of the telescopf 

(I. Whenandby whom were these pli 

A. Vesta was diacovered by Dr Oub 

March IBOT ; JunobyMr Hahdiko, oi 

ber 1801 ; Ceres by Piami, on the Isi 

PhUbs by Oldebs, on the SSth March 

Q. State the leading circumstances 1 

these planets > 

^. Their distances are, in millions of : 
—Juno, asa—Ceres, asl— Pallaa, S( 
meters are variously ataUiV, ftmn 'Aw 
laileg: Ceres has been saiil to\w cre&s 
awter. TJie inclinalion o£ ftievi ■", 
«^ Veata, 7° 8' 0" — J««"' ^^^ 7 
^mJlaa, 3*'3(.'. They revoivcvoMi 
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Kl^Kving periDda— Vesta, I3$5'7 days— Juno, 1593 H^^l 
— Ceres, 1681 days, — Pallas, IGSe Jays. The exeen* 
Iricity of their orUts is coneidenible. Tbeir ugti$ are, 
Vesta, ^, Juno, j, Ceres, ^, PsUas, ^. 
Q. WDatpecaliaritiesdo these planets present ? 
ji. 1. They are all extremely smaU, irhi]e< generally 
I spettking, the planets rather increase in size as they are 
■ more distant from the sun. 

S- They are all at nearly the same distance from llie 
nin, via. varying only from 823 to S62 millions of 
miles, — that is, the nearest to the sun is only about l-^^th 
I of iti distance (3-llihs) nearer than the most remote; 
vbereaB & lery difierent !a.w prevails with respect to 
the other planetj, — the distance between two planet* 
increnaiog in a very high proportion as they are iiirlhef 
from the sun. 

3- Their orbits are very much inclined to that of ths 
earth, whereas the orbits of the other planets he nearly 
in the same plane as tlie ecliptic. The orbits of Venns, 
Mars, Jupiter, Saturn, Uranus, are inclined at angles of 
from 0° 4G' to 3" 23', and Mercury 7° ; but the angles 
which theorbilsof the asteraids form with the ecliptic are 
7°, 10% 13°, and 31". Hence, while the other planets 
are always seen by us in the zodiac, the asteroids seldom 
appear there, being generally above or below it, They 
are, from this cause, sometimes termed tilira-iodiaeau 
Q. To what speculatiooB have these peculiarities in 
the asteroids led ? 

A. 1 1 has )ieen conjectured that they originally formed 
ont planet, whiuh has been ruplured by some great coii- 
vtil^on, which has divided the on? into four, and thrown 
the fragment! owt of ihe orbit in which they previouuly 
revolved, and which was nearly coincident with the 
ecliptic as in the case of the other planets, into orbits 
deviating considerably from the general order, 
(a.) T/tePlanot Jupiter, n. 
Q, What posiiion does Jupiter occu^^ in ilie «qU«l 
syatan ! 
■d- Jupiter is the next ^luneVNie^OTv*-** mm=*'^^'*"' 
•wiu't liea between thoae oS Viiaa «»&. '*«a*>=^» 
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Q. In wliat periods do ihene sateUites revolv 
Jupiter ? 

A. The first compEetes ite orbit in 1 da;, 1 
3S luinutes ; the sfcond, in 3 days, 13 houre, 
utea; the third, in 7 days, 3 houn, 43 miDU 
fourth, in 16 days, 16 hours, 33 minutes. 

Q. In what direction do the Ealelliles revoh 
their primary planet F 

A^ From west to east, as the moon does n 
earth, and tile planelfirounil tbeEun: Theirorb 
planes not much inclined to that of the planet's 

Q. Ill what periodti do Jupiter's BatellltcB re 
their axes ? 

A. In the Eame periods in which tlley revoli 
him ; obeying, in this respect, the same Ia.« 
satellite, the moon. 

Q. Have not the phenomena, arising from t 
of Jupiter passing hetween his satellites and 
been of consideiable importance in piactical astt 

A. Yes. The eciipses of the satellites of 
afibrded the most accurate method of detetmi] 
longitude of places on the earth's surface: no 
ever.ioagrcat measure, superseded bylunarobse 

Also, 3iey have been the means of leadinE 
great lUscoTcry, that the passage of Ught is no 
taneoua, but requires a certain time, and of det< 
the rate of its motion. — It was found by Re 
Dane, in the year I6I5, that when Jupiter t 
the earth, tlie eclipses of his sateUites took 
little earlier than was calculated, — that, wheD 
was remote from the earth, they occurred la 
vas calculated. This he explained by the sup; 
&at light requirea time for its transmiaaio 
therefore, that we do not see very distant 
mena at the actual moment of their occurrei 
sooner or later after it, according to the distaoci 
explaoalion of the vaciatioTi ftoTn the compul 
was afterwards confirmed b^ Bitt4te"j's pwft, J 
'of the aierration of light. ., 

^tf . What is the velocity ol M^v, sa U| 




(10.) TU Plmtt Sottim, fi- 
iitwllieEituHtionof Saium in theaolar&yBtcm? 

he iDOEt remote of the planels but nne. 
between those of Jupiter bdJ Uranus, 
jtpears betiTeen Miire and Jupiter in inagni- 
. ahines with rather a dull light. 
talis the mean iliBlancp of Saturn from the sun? ' 
But 901,000,000 (nine hundred and four mil- 

> hie distance var; much ? 

liderabl]'- His excentrieity is more tlian 

liis mean distance from the sun. 
'what magnitude does the sun appear al Saturn ? 
is diameter appears only 1-lOtu of the appa- 
iieter of the sun at the earth,— as 3^ w 3S. 
tkt proportion of the sun's influence readiei 

iout l-90th of that wliich we receive. 

hat is the diameter of Saturn ? 

■ equatorial diameter is about 79,000 milea. 

t llianieler of Saturn has been stated to be about 

fea dian the equatorial. Having a very rapid 

tn its axis, it is to be expected that Satom, 

ler, will be very much flattened at the polea. 

■what time does Saturn revolve on his axis F 

^10 hours 16 minutes. 

'vhat time does Saturn perform his revolutioii 



■ per mmuie. 

hat angle docs the orbit of Saturn inuke with 

^% orbit ? 

■e nearly coincidenL The an^ bet««ea. 

ply a= 2D' 35". . 

«i angle does tlie a.»ia tA 'S.wom ^**«,-wS». 
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A. Ariglitangle, itissupDosed. Theftxii tbeii,lE^^ 

Ependicular to the orbit, this planet will, like JupiUi} 
'e no change in seaaons, or in the lengtli of the d^y. 

Q. What Bp])earance does Saturn present nlieo 
viewed through a telescope ? 

A. Stripes or belts are seen on his Burface, as on 
Jupiter ; but more faint than on the latter planet. 

But the most remarkable feature observed about tliia 
planet is, the enormoua ring by which it is surrouniled. 
This singular appendage lieenis to be of eolid matter, 
thin, flat] broad, and opaque- It is at a cooeiderable dis- 



Q. What are the distances of the rings from Satum, 
and their dimensions ? 

A. The JDnermargin of iheinner ring is about 19,000 
nilesfromthebodvof the planet; and the breadth of this 
ringis 17,000 miles. The distance between the two rings 
JK about 17B0 miles; and Che breadtli of tlie external [ing 
upwards of lO.OOO miles. Their thickness is esdmated 
at not more than 100 miles. The rings are nearly in 
the plane of the planet's equator, and rotate in their own 
plane in 10 hours and io minutes. The axes of rota- 
tion of the planet and its ring thus appear tobe theaamC' 

Q. What is the supposed use of the ring of Saturn t 

A. The sameas thesBtelliles — tosupply it wilhlighl, 
so essential in a planet so remote from the suu. 
Satellites of Satum. 

Q. By how many eatelliles is Satum attended ? 

A. Seven. Their distances from Satum vary fnffl 
upwards of 130,000 miles, the distance of the neu^ 
est, to 8, 460,000 miles, that of the most remote. Tbeii 
times of revolution are, from 92 hours, the period of die 
nearest, Ut 79 days, the period of the most distanl 
The latter is the lai^st, and is believed to be of greatn 
magnitude than tile planet Mercury. They areconrij- 
ered to revolve on their axes in the same perioii wjad 
each requires for its tevolnlioniQWiii'CQfe^'UjMa. 

' C- Trhatis UranuB'poadoTv'm\hcwi\M»j*Eni' 
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A. This is the moal remote of the planets, at present 
known, from the sun. It is rarely and with difBciilty 
seen by the naked eye, and nas not discovered tilt very 
recently. 

Q. By whom was this planet diseovered ? 

A. By the celebrated Hstronomer, Sir WiUiara 
Herschel, on the I3th of March 1781. Il was called 
by him "Georgium Sidus," in honour of George III., 
and by some aalronomerB, " HerBchel," in honour of ita 
discoverer. 

Q. What ia the mean distance of Uranus from the aun ? 

A. About 1,819,000,000 (eighteen hmidre<l and 
nineteen milUona) miJes,— more than 19 limes the dis- 
tance of the earth from tlie sun, 

Q. Does the dietunce of Uranus from the sun vary 

A. About the same in proportion aa Jupiter. The 
racentricily of Uranus is less than l-SOth of its mean 
^stance. 

Q. Of whalmagnitudedoestheEunappearat Uranus? 

A. TheBUn'sdiameterappearsatUranusahoutl-lSlh 
of its apparent magnitude at the earth, — as 1^ to S3. 

Q. What proportion of the sun's influence doeH 



About l-36lBt of that enjoyed by our earth. ^H 
1^ What is the diameter of Uranus ? M 

■■ Nearly 35,000 miles. v| 

In what period does Uranus perform his orbiE 



A. In 3< 
bis orbit al 
miles per minute. 

Q. What angle does the orbit of Uranus form with 
tbe plane of the ecliptic ? 

A. A very small angle, only 0° 46' 26": the two planes 
— toe thus more nearly coincident than in the case of any 
jilher of the planets. 

Satellites o/ Utotius. 
. By how maiiy MteBiteBw'ilcASi^w.™*-'^*™****''^ 
A* "f* Two <rf TheK: v«WHv\ wws* '*'=^ ^ 
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marbabte peculiaritiea and depBrtures I 
order iii the BoUr sjetew. Thar orlnU 
peodicular to ihe ecliptic uul to the orbil 
and the; do not move in the came dl 
prevailE every where else in the solar syi| 
lOttt to eoM; but from eatt to iM»t, 

IIL-COMETS. 
Q. What are comets? 
A, Stars irliich appear at times io the 
parts of the heaveoE, describing an appu 
course wben compared with Uic plane! 
»ery near to the sun, and again reading 
taiice from it, and disappearing. 

Q. What appearance do they present 

A. Tbeyappear underveryTariousB^ 

there is a brilliant lumiuoiiH point callei 

Ihe coma or hair ia the more diffuse lid 

the nucleus; these two constituting the M 

IB often present, though not always, a lonj 

pendage called a fai7 : this is always t time 

Q. What are the comets supposed to 1 

A. They are regarded as con^slingi 

vaporous matter, or solid nuclei euthms 

vaporous matter, revol\ing round the 8i~ 

gated ellipses, so that at one time they ■ 

earth and sun, and at another very rei 

bodies. 

Q. Does not the tail Trequenlly vary 
A. Yes; it enlarges as the plitnetapprg 
is most developed after it has passed the 
diminishing as the distance from the su 
the in&ueiice of that body becomes les 
some comets have been estimated at i 
miUione of miles in length. 

Q. From what is It inferred that the i 

composed of matter in v\ie aetiriv tmwi'* 

A. In tlie comets, lihe s.roBSleft^■ ■A 

diatinctly seen through ^orlitnia d^ ^^ 

-^-- Aave been found to cao«e-noarav» 

of some ot the la.Wiu.'* 
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.■■Vc passeil near, irhile ihey themselves liave been 
a. from their oourse: imlicatjoiia that (heir mass 
X, and, as their bulk is consiiterable, tliat they 
MjaUy in die aerial BUte, Also, ihey presenl no 
which seems to ^ov that the sun's light pene- 
'lieir BubstaDce, and that light is reflected Train 
E*arl of it. 

t^ave the periods of time vrhich tny of the comets 
* for their revolution round ihe sun been calculiileii? 
I^ea. The nerioda of Hallev's comet, the comet 
CXH, and tlie comet of Biela, have been com- 
> and the correctness of the calculation provcil by 
vetum several times. 

'ery bright comet, seen by tlie celebrated astroiionier 
ij, in 1683, was calculated by him (o be the same 
h had appeared in l.i31 and 1G07.— at intervals of 
ten seyenty-tive and seventy six years. Me ac- 
ngly predicted its return about lTi9, when it did 
ITiiiearlT about the calculated time; and it has again 
ned at the computed period, in 1S35. 
le other two comets whose periods have been as. 
ined return in short periods: that of Biela iu 
an; that of Knqrk in 3J years. These two comctE 
ot visible to the naked eye. 

Has not the comet of Encke led to some singular 
ilationa regarding the existence of a fluid spread out 
igh space? 

Ves. Iu perioil of revolution round the iun Is 
] to be diminishing. This is attributed to the re- 
ice opposed to it in its progress by some material 
through which it passes, — which weakens its 
iA^at force, gives the sun's attractive force larger 
ittionate power, enables that body to draw il 
r, V<d therefore into n Bmaller orbit, througii which 
"forms its course in a shorter time. 

NPLUENCE OF THE \TMOSl'HERK Ott 
A8THOJVOMICAL A.VPK.fi*K»C"L?,. 

a^e atmosphere v^oAwe ^vvi 'R'^* 
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A. By ita power of re/>«;(in^ and ir/fctliwfl ihcfEji 
of lighl- 

Q. Wlial is meant by refraetim 

A. Refracdon, as applied to light, dgnifies thebenil- 
ing of the rayB of light out of the straight line wMd) 
they ordinarily purEue. This alnaya happens when i 
ray of light passes obliquely from one medium to ~ 
other ; as when it passes from air to water, from w 
to air ; from the ether, difiiised tlirongh apace, tu ih 
atmosphere by which ihe earth is surrounded ; ' " 
rarer to denser strata of the same niedium. ■ 

Q. What effect does refrac^tioD proiluce on astmw- 1 
mical phenomena ? I 

A. Owing to refraction, no hearenly body is seen in I 
its true place, or of its troe form, unless it be in tbi I 
zenith. Every where else bodies appear to be highei I 
than they really are- I 

Q. Bsplaiti how this takes place. 

A. When a ray of light enters the atmosphere oi- 
liijueh/, it is bent downwards towards the surface of the 
earth, and as it proceeds nearer to the groimd, it be- 
comes more and more bent, in passing from the ranr 
strBIa above to the denser medium below. Now tbe 
object is seen by the observer in the direction which tbt 
ray has when it strikes upon the eye. Accordingly,' k 
refraction bends the ray out of the slanting inta ibt • 
perpendicular direction, the olgect will be seen !n ■ 
direction more perpendicular to the surface than its rnl 
one— that is, nearer the zenith, or more elevateil iboH 
the horizon than it should be. 

t'i'he following figure will illustrate this. 
Let represent a point on the earth's surface, ud 
A any star or heavenly body. It is seen by means if 
lays of light from it wliich reach the eye. \Vl)ea' iht 
ny from A enters Ihe atmosphere at e, it is refracted, 
and condnues to be further refracted as it passes dowD- 
Wards, till, on reaching the suTf&ce,'ft\\«&\K«:il!tGe(ipi 
'^. j4rcor(llngly, it is seen vi'xi vt^Evc-^ '" 
iw, wAich represents iinol at Kitm^a* 
itf. Js refraction tlie same al ivKcTCTir. eXe-t 





U OF ASTRONOalV. 
Fig. 6. 




Ktsofai 

j. Does refraelioii produce any other effect besides 

rating the njtpBrent dluation of thelieavenly bodies? 

A. It actually brings into view bmlies bduw C^ 

dtov, which would otherwise be invisible. Tbif 
I be evident by inspecting the above figure, where p^ 

Ken that the body S, which is below the horizon H^ 
rf a spectator at o, and would therefore be invisiUa 
to him without rerraciion, is brought tiito view, beii)g[H 
nade to appear at t, above bis horizon. . ' 

1i. WliM effect will tliis produce upon sunrisa uia 
lunset ? 

A. It will raise tlie sun above the horizon in bolh 
;aiies,and thus cause him to ri&eea.cUete.rHl set later than 
he otherwise would, ahorteuing ifee ^wuA lA ft»^««av. 

C- Does refraction pioAuce aaj q^wh^ssJ****, *■ 
ippearsnues of the celestial >MHti«. 



I 
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A. It dUtorU the Sgares of the min 
iiear the horizon, rendering them of ai 
flattened at the lower pari. This n ca. 
rapid increase of refraction near the horiai 
tile lower mai^ns of these boilies are mucllfl 
vateil than ihe upper, which shortens the pa 
(lianieter, and gives the figure an oval ehap4J 

<J. What ia meant b; the refieelim of lifj 

A. The bounding off of a ray of Hght'fl 
body on which it strikes. ' 

Q. How does this affect astronomical pfaeij 

A. The atmosphere reflects and diapen 
ections the rays of the tun. Were it not f 
tivc power of tlie air, those bodies only would V 
lo Ub which receive the direct rays of the nni 
by its reflective and dispeririTe power, bodie« 
l^;ht though not in the direct coarse of the smi'i 
and thus, as the atmosphere is every wher^ bdd 
vidhle to us in almost every situatiDn. ^~ 

y. To what is Twu.iGHT owing ? 

A. Twilight is the faint and gradually i 
light which we enjoy for a cotisiderahle tiio 
sun has sunk below the horizon. We are in 
twilight to the reflective power of the attncM 
The upper strata of air receive Ihe sun's rayi 
considerable time after he has set to a point on tJ 
face; accordingly that point will receive an inferi< 
reflected from them. And ae it will receive re 
light from a less hotly of air as the sun rinks lot 
low the horizon of tne place, this light will di 
gradually till total darkness supervenes. 

This is illustrated by the above figure, at the 
part, where it will be observed that the parts n 
which are completely in Ihe shade so far as thi 
direct influence is concerned, are yet enlightened'^ 
reflected from the npper regions of atmospb^M 
lie a little nearer to the sun. ^H 

Why IB the duration at lm&^^ to ^^| 
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mass of solid earth between the sun and the spectator, « 
that llie period of reflection is cut sliort. 



PARALtAX. T ■ 

Q. What is meant by parallax ? 
wi. In SBtronom; it is used in two senses — a sjiecial 
and a general one. In the special «enee, it signifies the 
ditTereiice in the altitude of a celestial body as seen from 
the surface or from the centre of the earth— the point 
U> which the positions of celestial objects are referred. 

tj. What U the more general meaning of the term 
parallax ? 

A, I'arallaK, in the wider acceptation of the term, 
signilies the apparent change in position of an object, 
arising from a change in the position of the observer, 
sometimes termed its /MraffiKitVmofio**, — and expressed 
in another way, by l/i€ magnitude oftht angle formed ai 
the i^eet hi/ the two lines drawn from the olijeet to the 
(too pmntt from which it u observed. 

If an individual walk along a road for any given 
distoDce, and lake some very remote object, such as 
the stars, or a tower or mountain, whereby to judge 
of the apparent motions of bodies between his line of 
motion and the fixed objects by which he judges of 
"' ' apparent motions, he will Hod that these various 
s will have shifted their apparent position less 
less according as they are further from him, — diat 
their parallax will be less. In proiiorlion as they 
more remote, he will find the angle at the body, 
led by two straight lines drawn to the tii'O points 
become less and less, till it disappears, and 
lines coalesce ; then there is no parallax, and 
of meaeuring the distance of the o/^eet. Thii 
the case with any short distance on earth, such as 
that between two |tarallel streets, and the moon. The 
angle of parallax disappeaiB, (he two Imes from these 
streets to the moou coalesce, liie. mooa b,^y;»i»\r.'&« 

re position along eitUet alieeX, \iic iv4\a.'nsa>«N««g 
two posiijonB is loo atort W ©•<« w «"^ '^ * 
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noon ; Rn<l vp coutil not, therefore, with that diEUncc 1 
u a, hasiH, measure the moon's distance from ni 

It IB the same with llie fixed stare,— the longntUib I 
we can oinmand, viz. the diameter of the esrtti't oililk J 
or 190 millions of mile«, occasions no parallairlic moA 
in any of the fixed atars, — gives no angle at ''^'' 

with which it has yet been tried. That er 
tftQCe ahrinks to a point compared with the disti 
the nearest fixed star ; and we have therefore n 
with which to determine th^r actual disMnce. 



E" 



DAY AND MGHT— SEASONS, 

Q. What is the cause of the alternate changes n 
darkness to light, termed nii/ht ami daj/ ^ 

A. The sun enlightens only chat half of the eullt 
which ia turned towards him, the other half bdiig in 
daikneis ; and as the earth, by its raUtion on its sa>, 
presents every part of its surface successively to tbeMBi 
each part will have an alternation of darkness and lighL 

Q. Why is the length of day and night dtKtenl it 
difierent periods of the year ? 

A. This arises from the earth moving annusll? roniul 
the sun ; from the axis of the earth being inclineil V> 
the plane of its orbit round the sun ; and frotn thai 
axis being parallel to itself in all parts of lis orbit. 

Q. Explain haw this causes an increase in the length 
of the day over that of the night. I 

A. As the north pole of the earth leans towards the , 
(run at one period of the year, the hne between the dart , 
and illuminated part, calle<l the tri-iainator, will then 1w { 
beyond that pole ; in revolving, that pole and the parU 
around it, between it and the terminator, will never be < 
out of the illuminated part, and there will )>e conHtint 
day there : and the parts farther south will descrihe 
more than half of their daily circle vrithmit the isH 
part, and therefore will have W%et Aav lUan night. 
The excess of the portion wvitwiv ■Coe 4Ki>£. ■^Bav ^s& 
radaally diminish as they are Iai\liM sb^'Cq, ■ea, ^^ 

I termnatar. and tliete wui «« ^^v^" ^ 




J. ^Vhen die north poleis farthest incUiieii to ilieBun, 

x far will the lemiinHtor be beyond that pole f 

A. Tweiily-tliree degrees and twenty-eight minutes 

33° SS' ; as shown in Fig. T., where N is the north 

^Vrale, and d the terminalor, at a distance of about 23^" 
j'roiu N, for N<f is about the fourth part of NA, whidi 
is the fourth part of the whole circle, or 90°. 

Q, How fur then will the region of perpetual day 
extend ? 

.-1, To all parts within 23° 28' of the nortli pole, — - 
that is, to all parts within the arcdc circle. 

Q. And how far south will tlie day be longer than 
the niftht ? 

A. To (he equator : there, (he days and nights are 
always equal — equal parts of the time of rotatiou being 
spent without and witliin the terminator. 

This will be better understood by referring to the fol- 
lowing figure, which illustrates what has been dewrlbeJ : 
Fig. 7. 
■* "-_- --^ 



I 




I,et ANES represent the earth, N the north pole, 9 \ 
the aoutli pole, N9 the axis about which it " 
AE the line of the equator ; S, at the rigl , 
dAo the part of the earth not receiving the sun's Ught, 
do the line of the tenninator. It will be seen from the 
poaitioB of the sun thai lite noHh Y«\e »*^'':^^'^ 
fe an rfthe south pole turned ftoroVt. Kti^Y " ' " 
^Mw will take twelve ^ours vn ^BBam* w 
^Hp to the other, rb fiom c U d, ^^ ^ 
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tnclve bours tn returning again : and d 
of each twelve hoara will be where it croNsa 

It wilt be at once evident, thiit anj poini 
«n(] e will never be out of the son's light, «ni 
RiUBl have constant <Isy ; that an; point ttata 
in revolving, will be more than half of the pt 
out the terminator ; that it will be a less pn 
itacourae without the terminator as it IB Airth 
that E will spend half of its course without t 
ator, as that circle cuts EA, the circle in w 
volves, exactly in the middle. 

The point A, for instance, revolving in tw 
from hlo I, will have /• for its mid-day or n 
nearest to the sun ; the point i, where the li 
^e terminator, for eunset ; and I for nudttig! 
period from noon to sunset is lon^^r than 
Huneet to midnight, so likewiee the period fron 
noon will be longer than that from midniglit 
— and the whole day of that point will be h 



a night. 
Q. Explain the n 
Ihe earth's axis caut 
than the night. 



nner in which the uh 




jt. Thif occurs to «b w\^cn fee ^ 

/h>m the sun, as exbibileii in ^'^Z-^ 

' -'iU be to place that, po\e,Vi*raV=«* 

• the eanh's surface, "vn exattX-j *ie 
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I it formerly occupied wiili 
Dined part- 

The tume letters indicate Ibe very ssme pariR as in 

he former figure, exceptiiiR the WnninHtor, wliich is 

low from # to m, enveloping in darknesB the north pole 

iiil the regioTiH srnund it io every direction for 93° 89' 

ni the pole. Witliln the arctic circle, iherefoK) 

u'lt; will be perpetual night. From that circle to 
III? equator, any point, in its daily rotation, will paaa 
TOin noon to the terminator before it has (-one throuffh 
lalf of its circle, ati<l will therefore have longer night 
Auut day. It will be envelopetl in itarkness sooner 
lAsr noon, and have longer night, in pto|)ortion ai 
it ic nearer to the pole. And as the leriDioalor em 
idll cuts the equator EA in two equal parrs, there, 
mil be equal day and night at the equator. Thus, the 
■mne point A, is seen to pass to the point i, where it 
itlijHs the terminator, in less tlian 6 hours, and to be 
' iiiire than 6 hours in revolving from il to /, its mid. 

i.'ht: from midnight to sunrise will also be more than 

' ijiiiirs, and Its whole night must be greater than its day. 

U. How are the opposite poles and parts on the other 
Bde of the equator affected ? 

A. Exactly in the reverse manner; aa will be seen 
'Q Figs. 7. and 8. When one baa the short day, the 
ftthcr has the long day, and vice iKrsa. 
Fig. 3. 
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Q. Is there not part of the year when 
night and da; over all the world ? 

A. VeB. This ia repreEented in the pit 
where the terminator ia seen in the taa 
earth's axia, croGsing the equator at right 

In this fi^re it is evident that each 
illumined half, NES, in revoWing from Ih 
to NAS, il$ midnight, will cross the term 
half way between these two times — that ta, i: 
unie will take place in passing from NAS 
and the night and day must therefore be i 

Q. At what periods of the year do flu 
the length of the day and night occur ? 

A. The north pole ia turned towards 
. fully on the 21st of June, when the 
turned from the aun ; and it is therefore 1 
of the equator, and short day south of I 
shown in Fig. T. From this poaation the e 
changes till each pole h equally turned to 
the terminator coincides with the earth's i 
is eqiMl ilay and night over all the eartl 
place on the S3d of September, and is 
toninal s^ui'noz. From this the earth grw 
the position shown in Fig- 8., with the noi 
from the sun, the south pole towards it : 
day north of the equator, and long da 
This lakes place on the e3d of Decenibi 
then passes to a positior, exactly analogou 
it occupied on September 33, shown in 
it reaches on the sad of March, which 
epiinixc, 

Q. How does the earth get into theee 

A. From its annual course round du 

poles always pointing in the same direcli 

be illustrated by the fallowing figure : — ■ 

Let the twelve drdea lepietevA fce i 

diSereDt parts of its conise (wwvA ftie w 

«W r^ieaent tlie axis oi i\ie emfe. r 

pole, s the south pole. TV wimvM 




X> the san'a ra^ b, and varjing : 
I the axis m, which is observed to point, 
e twelve portions, always in the aaino direction- 
ire is a mixture of plan, gettimi, and pertpte- 
1 almost the only method, by a drawing, of 
■a dear view of the effect of the earth' 
|['die Ban, on the relation of the 
It parts of its surface. 
Se right is seen the position on December S3, the 
ale qult« within the dark half, the south en- 
iWithout it : at the top is seen the poailic 
f fi^ cJie terminator pasang ^roa^ '&ve 
Jr6 poles : at the left is seen ftic ™a'^'^ * '^ 
!► Jane SI, the north -pole eniixAi "v 
Waoath pole entirely i '" 



Vhe atiwAe-. «iA«.< 




bnttum is seen ihe position o 
naliir ai;am louclling both (wieB. 

An atlenlive study of the preceding 1 
inclinaibn of the axis to the tenninatQ 
vey a precise idea of the varioiw changi 

Q. What is the meaning of the ng 
lached to each position ? 

A. The date shows the period whe 
into each poutioii ; and the si|!;n b i 
tnark for toe siffn, or part of the heavi 
Buii appears at the time of the earth e: 

Q. What are these si^rns ? 

A. The path or circle of the hesTens, 
appears to move during the year, ia 
equal parts of 30 degrees each, called Bisi 

Q. What names are given to these s 

A. The first, 'y, at the top, mhidil 
March 83, is Ahies, or the Ram; 
Taubus, or the Ball, which the sun en 
the thin), ii) is Gghini, or the Tnina 
enters on the 31st of May ; the fourth, 
or the Crab, which the Bun enters on 
the fifth, Cti is Leo, the Lion, which 
July S3 ; the sixth, nj/, Votoo, the V 
sun enters on August 93 ; the seventh. 
Balance, which the sun enters on Sef 
eighth, in,, SooBPio,the Scorpion, whi 
on October S3; theniiitli, ^,Sasitta; 
which the sun enters on Noverober SS 
Capr:corkvs, the Goat, which the so 
cemberSf; the eleventh, ~,AauAiuui 
which the sun eoters on January 80 ; 
PisoEs, the Fishes, which thesun enten 

Q. These seem to be the names t 

1)d the signs and constellations of 

correspond f 

-^. jVft Owing to a conicaX too6 

»xia, the sun does not novi enXei \S 

tbe same periods as formerly. ft« 

f^mteUations have biUI been teWii 
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i (». e. the puts of the LeaTeus) wliicli the sun 

rs at the same periotla. 
L ti- HowmuchhastlieiiuninoveilfromtheFonDcrdgns? 
I ^. A whole ago, or 30 degrees ; so that the tiffn 
Lbies is non in ^e eoniteliatioa PieciiB; the a'ffn 
Eacrus in the eotistellation Akibb ; the siffn GimiNi 
fa the eormteHation Tadrus ; and so on. 
f This retrograde motion of the signs is termed the 

m of the a/uinoxes. 
f Q. Wh;f is the eun represented in different positions 
\ Figs. 1, B, and 9 F 

'. The effect of the earth's motion round the sun i« 
aake the latter appear to oscillate hackwards and 
irds between the highest and lowest position sliown 
:ae figures ; that is, from being perpendicular to the 
illel of lablude called the Tropic of Capricorn, c^, S3' 
28' south of tile equator, on December 28,— to being per- 
pendicular Co the Tropic of Cancer, Cn, 93° 'ib' north 
of the equator, on Juneal, — from a too. Fig. 8. page 13, 
and thtfn back from o to a. At the former of these 
perio<ls he appears highest above the horiEon to those 
south of the equator: at the latter, highest to tfaose 
north of the equator. 

U. What are these periods termed f 
I. SoLSTioEs. — December 2^, the winter saUtic^^ < 
le SI, the summer solelice, — to those of i ' 

Why are they termed eolsticea ? 
L jl. Because the sun appears to stand still for a litllv 
■ these two periods, u^a^ing to ascend or descend fun 
pcf) — apparently pausing before he retraces his course. 
I O. I^° these changes in the rehtbve position of the 
~b and sun produce any influence on the slate of du 
"lier at different times ? 
__. Yei; theygiverise to the changeinlheSeasol 
h.ti. How do uiese changes take place? 
r ^- The sun imparts more heat in proportion, 1. ac 
r above the horiaoit of a ^We KoiViait^'^ 
. V pcipendiculariy, and 2. aabeiB a\oo?,et <«"* 
pbaigon. As this taktia v\ace \o Mi\it»-'«'»^ 



i 

i3 
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b September, we have Bummer then ; MgM 
htt tu March, Ihe sun's rays fall in a more « 
rection, and he is a shorter time above the hoi 



III be longer fl 
inner in thk 

"BB». m 
t when the fli 



rection, and he is a shorter time above the b 
have winter then. 

Q. What IB the Btale of the Eoutbero hi 
then? I 

A- Exactly the reverse of the nortberal 
(toriiiK our winter — winter during our aumr 

Figures T. and S. will illuatrsle Uiis. In 
■nn's rays will fall more perpendicularly ra 
north of the equator than on the parM south of 
and at the same time the days will be longer i 
mer: there will therefore be sura '" """" 
regions ; winter in (he wnithem. 

Exactly the reverse is shown in 

Q. But the greatest beat is not when tli 
est and longest above the horizon, nor the gil 
when the eun ia lowest, and the day aborlestyi 
a month after these times. ; 

A. This ia caused by the circnmBUnce, tU 
takesiistemperaturechieflyfrom theearth; mi 
heat accumulates in the earth, which atill gcafi 
so long as it receives more during the day than 
with during the night, which cuntinnes toabuut 
of July ; and grows colder, so long as it p&i 
more heat during the night than it receives du 
day, which continues till about the end of Jaxm 

Q. Since we are nearer the si' '" " ' '" 

summer, how is it thai we are not 
former period ? 

A- This makes no difference ; 
lost by our more rapid motion during f 



guned by our greater proximity to 



THE MOON'S PHASES— ECLIPSES— ^ 
Q- HTiat is the cause rftl\eikSMe«v^.w 
Kmnon at rfifftfenl tiines? 
'jriiesechangesinllie moon's 




IB. They are caused by the moon being u il 
body, Kliiotng only by refiecting the sun's light, and by 
tier motioQ round the earth, so that diffeiCDt quuititiea 
at the illuiniuat«il half are lumed towards the earth at 
ditferent parts of her course. 
The fullowitig figure will illustrate the moon's phs 




l#t S represent the sun, B the earth, and A, ] 
D, F, G, H. K, in the inner circle, the moon, revolv- 
ing in the direction of the order in which the letters 
have juet been named. Then at A, the side illuminated 
by the sun being turneil from the earth, the moon will 
preBent its unenlightened hnlf to the earth, and will not 
be seen. At B, as is seen by the points where the inner 
errde cuts the moon, part only of the enlightened half is 
tOK-jin/s c/ie earth : the pe&te[\i<'<^'^'^'^^'^^'^^"'^^ 



l£hearth is ilark, ami the u 



n w\\\ 



tpHfej-f/rde. Ai F, the en\\6\i\ev\cv\%viB\t.v« 



K^Y^ww 



CATliGHtSM 0¥ AaTRONOMV. 

. wanls the eaithj and the tnoon appeara full, at at F'. By ' 

tracing the figure, the phnaea will be readiJ; uDilerstooil : 

tile inner drde thuwa the illuminated and lUrk parts — 

the outer circle the appaar&nce presented to the eaithi .< 

Q. Wliftt JB meant by aa Eoupbe? 

A. The BUD or moon being darkeneil for a time by a 

Hhailow which gradually cornea on, cavers the surface, 

and then as slowly passes off, aud restores ihe body 

eclipsed to its full lighL 

Q. What is the cause of an eclipse ? 
A. An eclipse of the sun is caused by the moon id. 
Imposing between the earth and ran, so that she call 
off or eclipses a portion of his light : an eclipse of the 
moon, by the earth interpoung between the sun and moon. 
Q. Why do not eclipses occur whenever there is new 
noon and full moon P 

> A. Because the plane of the moan's orbit does nut 
BOlncide with the ecliptic, so that the aun, earth, and 
'aoon, are not ortea exactly- iu the same straight line. 

Q. What is tlie cause of the phenomena of the Tidb* } 
I A. The attractive force sKerted by the moon on the 
* earth, which has the effect of drawing towards the 
' moon those parts which are moveable, that is, the wa- 
ters of the ocean. They rise highest therefure at that 
part of the earth nearest to the moon, giving /uli or 
Myh tide, and are drawn from ttie parU aituated side- 
waya towards the moon. 

' Q. But high water docs not take place when the 
moon is exactly over a pla<£, but some little tinieaftw? 
■ A. Yes. The waters continue to rise after themoon 
IS exerted ita strongest action upon them, obeyinglfas 
kopetus they have leceived. 
'!, Is there not also high water on the side of tbc 
fa furthest from tlie moon ? 
' A. Yes. There are two high tides daily: — on the 
' parts of the earth nearest to and most remote from the 
moon, — and two low tides daily, at the places on eadi 
side interiaediMe between llieae two. At the (urt mon 
remoee from the moon, her acdDTi-wfiite\ea=,v, wlA^Ssi 
"afen vrili tberefoie lie higher Iheie x\\kh a1 iVe wia^ 
*-Aere, from being nearer, she acW wiiii sitaifci e'SssJ.. 



H CATECHISU or ASTROKOUV. 

» . Does the Bun influence the Lidea F 
A. Ves : they are highest when bit action is cue 
ained nilh that of the moon, at new and full moon 
[iweat or nfap when he acts in opposition to her, (■ i 
then the moon is half full, aa at C and 11, Fig. 1 1. 

■ DIVISIONS OF TisrE. 

H^ What period of time is taken as tlie slanilatil in 

Ktieckoning of time ? 

A. The mean solar ilav of 91 hours,— that is, llic 
mean time which the earth Vtket in revolving from tbl 
moment when the sun is on the meridian of a place til) 
licietums to that meridian again. 

^Q. Does not the same time always elapse between 
hsDccessiTe appulses of the sun Id the meridian ? 
No. In consequence, 1 - Uf the inclination of the 
axis tA the plane of its orhit, and S. Of the ihm 
r in its rate of motion round ilte sun, this period 
n daration at different tiroes of the year. 
\. What term is applied to Uie difterence between' 
nean and actual solar day ? 
. The " Equation of Time." 
', Are the mean and actuaJ solar day ever the sa 
, Yes : Four times a- year, — on the a*lh of Decem- 
13th of April, 15th of June, and 1st of September,. 
hmeaD solar day and the actual solar day are the sam?; 
AT the clock (mean solar day) and sun-dial (actual ai* 
liay) are coincident. 

Q. These periods seem near the equinoxes and Bid-*' 
Mices. Why do they not coi ticide with them ? 

A. Did the variation in the solar day depend sole^ , 
on the inclination of the earth's axis to the ecliptic, the 
periods of the clock and sun being the same would be 
the equinoxes and solstices; but the other element wbidi 
occai^iDns variation in the solar day, — namely, llie ii 
quality in the rate of the earth's motion round the si 
— causes the lime of coincidence of clock and sun 
vfuy from (lie equinoxes and solaticea. 
^(J- At what times ia the meaa mW ii'i ^'w^ssi'ft 
fa acluai solar tlay ? 
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i by *, a« 1840, aiilf** ^eavee no reniMnder 

r'-es no remainder ^^K ^"^''J humlreillh year, 
leap year — of 3G6 da^*^ <iividetl by 4"0, »a 

65 ilays. ^Vs. j\ii the oihers a 



w'homwaH this urran 

•cui r -- , 

L-i) countries, ejtcer^j-*^'* it liM been adopted 
1 was it introdttctwj V'lg UuebU. 
■■3, — being (en*)-'^ \nt<j Great Britain ? 
.iUmuUteil (o | ^^ ^^^^ new style- Theerror 
L- the days of th^ ^^^'■ys. and was rectified 
.:^n thenewBna ***onih H ilajs- Tlie dlf- I 
— - — -~^^***»l Hivles is now IS days. 

^*-»Vators of the science of 

^*^t\t view of the Eolar system 

;,>:^^»- ^i-eciMi pWlowpl""' "'^ 
;, ^*'t.K Wfore the ClhriBUan era. 
:.!. J^tV, ^evolves dwiy on its axis, 

.,»''*^,»^*aUy enterUdne<l ? 

a^>vi ^ iomc o/lhe learned, and 

- J?»-V» ««■ firmly believed by them. 

■^V*^»-taincd by the people? 

•■*».''■ and planets, revolve daily 

^^ svippoSed to be fixed. 'Ihw 

I Vj^liicyoloids, was afterwards 

^a^Kyptian philosopher, about 

Js-».^* t;iiri»t. He considered that 

^^X^^**. the 8"«- Mars, Jupiter, 

^V V*l the earth, at diauiices in 

*X-,^ '^ave just been enumerated. 
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,. i' • ..* o..'. ^-•-^* -"':". -e xeriiiwn, 
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^»'" ' 0„. ;«•»««» ""V" ws than 2i boo* 

■ . • ■"« •-" . ..•V.^*"^'"''*- [ tot fto« '^ "51 
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CATSCHtSH OF ASTRONOUV. 7fl 

. Every commoQ year, which leaves no remuindef fl 
n ilivided by i, as ISIO, snd every hunrlredth year, 
pich leaves no remainder when divided hy *oo, as 
3, is a leap year — oF 366 days. All the others are 
« of 363 days. 
WQ- By whom was this arnngement introduced ? 
^A. By Pope Gregory XIII. ; and it lias been adopted 
Ball civilized countries, excepting Russia. 
"^^ When was it introduced into Great Britain ? 

. In 1 753, — being temieil the 7MW«y'/e. Theerror 
I ihen accumulaictl to II days, and was rectified 
■ advancing the days of the month 1 1 days. The iKf- 
« between tbe new and old styles is now IS daya. 



HISTORICAL SKETCH. 

Kq. Who were the firBt cultivators of the science of 

prtronomy ? 
lA. The Chaldeans, Chinese, Indians, nnd Egyptians. 
Jm PhfEnicians and the Greeks followed. 
wQ' By whom was the present view of the solar Bystem 
Km pniniuIgBled ? 
W-:A. By PvTHaoORAB, a Grecian philosopher, who 

unshed about 300 yeais before the Ohtisdan era, 

'» «DppoBeit that the earth revolves daily on its axis, 

d annually round the sun. 
WQ- Was this opinion generally enterlaine<l ? 

A. No. It was confined to some nf the learned, and 

n even confidently taught or firmly believed bv them. 
H^ What notion was entertained by the people ? 
\A- That the sun, moon, and planets, revolve dnily 
nbnd the earth, which was supposed to he fised. This 
ivith the theory of epieycloids, was afterwards 
Bught by ProLBMY, an Egyptian philosopher, about 

years after the birth of Christ. He considered tliat 

s moon. Mercury, Venus, the sun, Mars, Jupiter, 

and Saturn, revolved round the earth, at distances in 
the order in which they have juBt been enumerated. 
TMs was termed the Ptoi.bmjiic System. 

Q. What is the theory of ep\ir5c\cfi4a"( 
I ^- '^'lal each planet tcvoWca m a smK- t\xfi«.,'4wt 
■snireof which moves touwd ftiewfti^'ft'&ie'SKsw 



CATBCBieit Op ISTRUNOUr. ■ 

ferenee of ■ large circle: ihis theory had beemleriseiilll 
ApollaniuB to explain Iheilowand retrograde r 



of the plinets, and their being aometimeH stationary. 

Q. How was (he constant vicinity of Mermry and 
VenuH to the aun, — their never being seen in oppoei- 1 

A. It was Buppoaed that while the moon, the euo, i 
Mam, Jupiter, and Saturn, revolve round the eartli, | 
MercuryandVenusrevolveronndtfaesun as their centre, i 



Q, Did not Hipparchus render essential 

the Science of Astronomy ? 

A. Yes. This philosopher, who flourished abcnit 
1£0 a. o., determined with greater accuracy the lenglh ' 
of the year, and inequality of the sun's rate of motion, . 
drew up a catalogue of the fixed stars with their preeiiel 
positions, discovered the precession of the equinoxes, && 

Q. How long did the Ptolemaic remain the recrivrfj 

i'lystem of Astronomy? 
A. Till 1543. when the true or Pythagorean sytlem 
was revived by Copebnidus, a native of Poland, bom 
in 11T3. As this eysiem had been so long rqecled, 
CoPBRKicita is usually spoken of as its founder ; and il 
is called the Copernican system. 
Q, By whom was llie Copemican system supported . 
and confirmed ? 
A. By Gauleo, Kepleb, Hufgens, Hallbv, 9ir 
Isaac Newton, &c Kp.plbr developed tlie three lain 
pointed out, by inverted commas, in pages 27-8.9, and 
Sir Ibaao Nbwtok, id the theory of universal gravita. 
tion, furnished a key to the whole system, by whidi 

P known phenomena were explained, and previously 
known phenomena detected. 
Q. What was the system of Tvcho Bkahb ? 
A. This distinguishcil Dane, who flourished ahoul 
IJ86, whose observations contributed so much to tbe 
advancement of aatronomical science, supposed that the 
IDOOD and sun revolve iounA x\v* eaiAvaa \heir centre, 
aad that the planets te-vo\vc a^wW fee. «oti. ». 4wa 
ceatre- This was termed ft»e Tj/chomit^tiWetR. 
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